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THE    PREFACE. 


^iTUATED^  as  I  happily  am^  in  the 
neighbourhood  of  die  New  College  at 
Hackney^  an  inftitution  that  docs  honour 
to  the  DiiTenters,  an  iniiitution  open  to 
all  perfons  without  diilinclion  *,  and 
connedted  as  I  arn  by  friendinip  with 
the  tutors,  I  was  glad  to  give  it  e^ery 
•aiTirtance  in  ray  power;  and  therefore 
undertook  to  read  the  Le5iures  on  Hif- 
lory  and  Gene?'al  Policy  which  I  had 
compofcd  when  I  was  tutor  at  Warring- 
ton, and  alfo  to  give  anotlier  courfe  on 
the  fubjecl  of  Experimental  Pbilofophy, 
With  this  view  I  drew  up  the  followino- 
H.^ads  of  Leclures ;  and,  to  fave  the 
iludents     the    trouble    of    tranfciibing 

*  One-  f^entlcman  of  the  Roman  Catholic  perfuafion, 
an.]  fcveril  o/  the  Church  of  Eiigljnd,  aic  uow  in  tbc 
College. 

A  2  them/ 
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them,  they  are  now  prii.ted.  To  other 
perions  thcry  may  ferve  as  a  compendi- 
ous view  of  the  moil  important  difco- 
vcrics  relating  to  the  fubjed. 

As  it  was  found  mofl  convenient,  with 
rerpe6l  to  the  other  bufmefs  of  the  col- 
lege, to  confine  this  courfe  to  one  ledlure 
m  a  week,  I  contrived  to  bring  within 
that  compafs  as  much  of  the  fubje6t  of 
experimental  philofophy  as  I  well  could, 
and  efpecially  to  include  the  whole  of 
what  is  called  cbemiflry,  to  which  fo 
much  attention  is  now  given,  and  which 
prefents  lb  many  new  fields  of  philo- 
fophical  inveftigation. 

Befides  that  the  plan  of  the  young 
gendemen's  fludies  would  not  admit  of 
it,  I  think  it  moft  advifable  not  to  trou- 
ble beginners  with  more  than  a  large 
oudine  of  any  branch  of  fcience.  By 
this  means  they  are  not  fatigued  by  too 
long  an  attention  to  any  one  fuojed,  a 
greater  variety  of  ardcles  may  be 
brought  before  them,  and  in  future  life 
they  may  purfue  any  of  them  as .  much 

farther 
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Uriher  as  their  inclination  may  difpolc, 
and  their  ability  and  opportunity  llrall 
enable  them  to  do    it. 

I  do  not  give  any  acoiint  of  the  ex.- 
psriments  introduced  into  the  Isver.l 
kdiires.  They  will  be  fiifficiently  Indi- 
xated  by  die  iubjects  of  them,.  Ti^cy 
were  as  many  as  I  could  con\^t-niently 
make  within  die  time  5  and  where  the 
experiments  themfelves  could  not  be 
made,  I  ufually  exhibited  both  the  dif- 
ferent fubftances  employed  in  them.,  and 
thofe  that  were  the  reiult  of  them. 

As  thele  ledures  were  calculated  for 
the  ufe  of  the  ftudents  at  the  New  Col- 
lege, I  prefix  an  Addrefs  to  ihern^  the 
fame  in  fubftance  with  that  which  I  de- 
livered to  them  at  the  clofe  of  the  M- 
fion  of  1 79 1.  In  it  may  be  fcen  a  fpe- 
cimen  of  the  language  we  hold  to  them 
on  the  fubjed  of  po:itics,~  which  with 
reafonable  men  will  icfrve  as  an  anfvver 
to  the  -many  calumnies  that  have  been 
thrown  out  againft  us,  as  difaffedled  to 
the  government  of  this  country. 

A  3  Such 
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'SucWinftitutions  will,  indeec],  always' 
be  objedis  of  hatred  and  dread  to  bigots 
and  the  advocates  for  arbitrary  power, 
but  the  pride  of  a  lru\y  free  country, 
I  tlierefore  conclude  with  my  earned 
prayer  (the  accomplifhment  of  v/hich 
the  prefent  ftate  of  the  College  does  not 
allow  us  to  doubt)  esto  perpetua. 


th: 
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TO  THE  STUDENTS  OF  THE  NEW  COLLEGE 
IN  HACKNEY. 


My  young  Friends, 


.AViNG  drawn  up  the  following  Heads 
of  Le5lures  for  your  ufe,  I  take  the  li- 
berty thus  publickly  to  dedicate  them 
to  you ;  and  as  I  earneftly  wilh  for  your 
improvement  and  happinefs  in  all  re- 
fpe6ts,  excufe  me  if  I  take  the  farther 
liberty  of  making  a  few  obfervations, 
and  giving  you  fome  advice,  of  a  more 
general  nature,  adapted  to  your  age  and 
circumftances. 

As  you  will  foon  leave  this  place  of 

education,  and  enter  upon  your  feveral 

profeffions   and  employments,    I  hope 

A  4  your 
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your  condu6t  will  demonflrate  to  the 
world  the  folid  advantages  of  this  infti- 
tution,  and  that  the  great  expence  at- 
tending it,  and  the  bell  attention  of  the 
managers,  have  not  been  beftowed  in 
vain. 

Many  liberal  friends  of  fcience,  of 
virtuCj  and  of  religion,  have  contri- 
buted to  procure  you  the  advantages 
which  you  enjoy.  They  have  ipared 
no  pains  to  provide  able  and  careful  tu- 
tors, and  you  have  had  every  other  ad- 
vantage for  the  profecution  of  your 
fludies  tliat  they  could  procure  you,  un- 
clogged  by  any  fubfcripdon  to  articles 
of  faith,  or  obligation  of  any  other 
kind,  befides  fuch  as  they  have  deemed 
necefiarv  for  your  own  good,  and  to 
give  the  inPLitution  its  greatell  efted. 
This  is  an  advantage  ;/ou  could  not 
have  found  eliewherCj  at  lead  -in  this 
country.  And  in  every  ieminary  of 
edurauon  much  more  depends  upon 
opportunity  for  fludy,  free  from  any 
obftruftion,  and  undue  bias,  than  upon 
the  ability  of  tutors  i  though  there  is  an 

additional 
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additional    advantage    when     they    are 
able  men,  and  eminent  in  the  braiiches 


1.,:. 


to 


of    fcience    which    they    uniertak 
teach.     But  this  is  by  no  means   fb  ef- 
fential  as  many  other  circumilances. 

Whatever  be  the  qualiRcadons  ot 
your  tutors,  your  improvement  muft 
chiefly  depend  upon  yourfclves.  I  Iiey 
cannot  thtnk  or  labour  {or  you.  Tiiey 
can  only  put  you  in  the  beft  way  o'l 
thinking  and  labouring  for  youifclves. 
If,  therefore,  you  get  knowledge,  you 
rnuft  acquire  it  by  your  o  vn  induftry. 
You  mud  form  all  conclufions,  and  ail 
maxims,  for  yourfelves,  from  premifes 
and  data  collected,  and  confidered  by 
yourfelves.  And  it  is  the  great  ob'-cct 
of  this  inftitution  to  remove  every  oias 
the  mind  can  lie  under,  and  give  the 
greateil  fcope  to  true  freedum  of  diiiik- 
ing  and  enquiry.  And  provided  yju 
be  intelligent  and  virtuous  men,  and 
good  citizens,  it  v^ill  be  no  caufc  ■:)['  re- 
gret to  the  friends  of  this  iafbitudon;  if, 
with  refpect  to  religirm,  or  poittics,  you 
A  5  adopt 
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adopt  fyflcms  of  principles,  and  maxims 
of  condu6l,  very  different  from  theirs. 

Give  me  leave,  now  that  I  am  ad- 
dre fling  you  as  you}7g  men^  and  young 
ftudents^  to  fugged  a  caution  on  a  fub- 
je<5l,    of  the  importance  of  which  it  is 
hardly  pofTible  that  you  fliould  be  fufH- 
ciently  aware,  becaufe  it  is  only  impref- 
fed  by  that  experience  which  you  have 
not  yet  had.    I  mean  that  degree  of  va- 
nity which   generally  accompanies  the 
acquirements  that    diligent   perfons    of 
your  age  make  in  places  of  liberal  edu- 
cation, and  the  contempt  they  are  too 
apt  to  entertain  for  thofe  v/ho  have  not 
made  the  fame  proficiency  with  them- 
lelves.     And  I  affure  you,  that  in  the 
obfervations  I  fhali  make  on'  this  fub- 
jed,   I  have  no  view  whatever  to  any 
thing  that  I  have  obfervcd,  or  heard, 
of  any  of  you  in  particular.     But  I  have 
been   in   your  fituation   myfelf,    and  I 
knov/  the  importance  of  thefe  obfer- 
vations to  ftudents  in  general. 

You 
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XI 


'■    You  are    now   at  an  age  in  which 
young  perfons  ufually  make  the  moft 
fehfible  advances  in  knowledge,  and  in 
which  the  underllanding  appears  to  ripen 
in  the  moft  rapid   manner.     You  are 
able  to  fay  every  year,  every  month, 
and  almoft  every  day,  what  pai*cicular 
advances   you    have    made,    and   how- 
much  you  know  more  than  you  did  be- 
fore.    And    being  taught,    and   accuf- 
tomed,    to   exprefs    your   thoughts    in 
writing,  youfind  yourfelves  qualified  to 
do  this  in  a  manner  of  which  you  had 
no   idea,    or    expedadon,    but  a  little. 
time  ago. — You  alfo  perfedlly  remem- 
ber what  you  have  fo  recently  learned, 
and  in  many  refpeds  may  be  more  par- 
ticular and  exad  than  even  your  tutors 
themfelves. 

The  almoft  unavoidable  effect  of  this 
is  a  high  idea  of  your  own  powers  and 
attainments,  and  too  often  a  proporti- 
onable contempt  of  thofe  who,  not 
having  had  equal  advantages,  cannot 
do  what  you  are  tsiCily  capable  of  A 
certain  degree  of  vanity  is,   therefore, 

excufable 
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excufable  in  young  perfonsj  and,  in- 
deed, it  is  by  means  of  it  that  they  are 
excited  to  exert  themfelves  in  a  manner 
that  they  would  not  otherwife  have  done. 
But  be  careful  that  this  temper  be  not 
ndulged  to  excefs,  for  it  will  then  be 
found  to  have  ferious  ill  confequences  -, 
the  leaf!:  of  which  is  the  precluding  fu- 
ture improvement,  from  being  already 
fatisfied  with  yourfelves,  and  confcious 
'  of  a  fufficient  fuperiority  over  others. 

The  foundation  of  this  felf-conceit^ 
on  account  of  literary  attainments,  will 
be  found  to  be  extremely  weak.  In 
fa£l,  vve  learn  more  before  the  period 
to  which  you  ^re  now  arrived^  and  I 
hope  you  will  continue  to  learn  more 
after  it,  without  its  being  fo  much  no- 
ticed ;  and  the  abiltly  that  is  difcovefed 
in  the  acquirements  v/hich  are  the  fub- 
jeds  of  this  vanity  is  not  greater  than 
appears  on  other  occafions.  Only  they 
are  not  fo  confpicuous. 

Y'  hat  we  all  learn  in  the  firfl  three 
yc^rs  ot  our  lives,  is  much  more  extra- 
ordinary 
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ordinary  in  its  nature  than  all  that  we 
acquire  afterwards.  I  mean  the  perfedl 
ufe  of  our  limbs,  and  the  elements  of 
fpeech.  What  we  learn  in  a  month  in 
that  early  period  of  life,  could  not,  if 
we  were  brought  up  in  the  ignorance  of 
it,  be  learned  in  a  year  at  any  fubfequent 
period.  But  thefe  acquirements  being 
univerfal,  and  what  the  circumilances 
in  which  we  are  all  necefTarily  in  compel 
us  to  learn,  it  does  not  appear  extraordi- 
nary in  any  particular  individual.  Alfo,  the 
proficiency  that  boys  make  at  a  grammar 
fchool,  in  which,  in  general,  the  dead 
languages  only  are  taught  (a  knowledge 
of  which  is  commonly  the  refuk  of  fe- 
vere  application)  is  too  common  to  be 
the  caufe  of  much  fclf  conceit.  But  the 
advances  that  are  made  at  places  of  li- 
beral education  are  both  kfs  common^ 
and  of  a  more  confpicuous  nature. 

You  will  alfo  fin^^,  if  you  continue 
your  applicanon  to  ftu  iy,  that  it  is  only 
the  elements  of  fcience  tnat  you  can 
acquire  here,  and  if  you  live  many  ye^'rs, 
they  will  bear  but  a  fmall  proportion  to 

your 
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your  future  acquirements.  But  tfiofe 
future  acquirements,  in  confequence  of 
their  bearing  a  lefs  proportion  to  your 
whole  flock  of  knowledge,  will  not  be 
fo  confpicuous.  Thus,  though  all  the 
^buildings  that  in  one  year  are  added  to 
fuch  a  city  as  London  v/ould  make  a 
pretty  large  country  town,  they  bear  fo 
fmail  a  proportion  to  what  was  built  be- 
fore, that  they  are  not  much  noticed  ; 
whereas,  had  half  the  quantity  of  build- 
ing been  ere6led  in  a  place  where  no 
houie  had  exifted  before,  it  would  have 
been  a  memorable  event  ^n the  hiflory  of 
the  country. 

Alfo,  as  in  old  cities  many  buildings 
will  fail  to  decay,  while  new  ones  are 
added  j  you  mufb  expedl  to  forget  much 
of  what  you  now  knov/.  No  man  can 
give  equal  attention  to  every  objed  ;  and 
as  we  advance  in  life,  we,  in  general, 
only  learn  new  things  at  the  expence  of 
the  old  ones.  But  then  they  are  the 
more  valuable  articles  of  knowledge, 
the  more  general  and  leading  principles, 
which  remain  with  us ;  while  the  more 

ufelefs 
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,  .ufelefs  ones,  things  to  which  we  give  lefs 
attention  becaufe  we  find  them  to  be  of 
lefs  ufe,  difappear.  Yet  it  is  no  uncom- 
mon thing  for  ingenious  ftudents  to  def- 
pife  old  fcholars  who  are  not  fo  ready  in 
the  minuticB  of  literature,  though  they 
may  have  forgotten  more  than  thole 
youths  ever  knew,  and  may  retain  what 
they  cannot  acquire  without  forgetting 
as  much. 

;  Another  obfervation  |)roper  to  leilen 
the  conceit  of  literary  men,  is,  that  ge- 
nius is  not  confined  to  them,  but  is 
equally  great,  though  not  equally  con- 
spicuous, in  every  other  line  of  life,  and 
efpecially  in  manufadures  and  the  arts. 
..Here,  however,  diicoveries  equal,  with 
,refpe6t  toy^^^a/)',  to  thofe  of  Newton, 
contribute  little  to  pofthumous  fame,  be- 
caufe the  difcoverers  are  not  writers. 

But  the  greateft  branch  of  intellec- 
tual excellence,  with  refped:  to  which 
every  other  is  nothing,  and  which^  from 
its  nature,  can  never  be  a  foundaclon  of 
any  feif  conceit,  is  virtue^  or  rigac  dif- 

pofitions 
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pofitidns  of  mindj  leading  to  right  con- 
du(5l  in  life.  Proper  fentimentS;,  and  juil 
afFedlions  of  mind,  arife  from  jud,  and 
often  cotnprehenfive,  views  of  things, 
pad,  prefent  and  to  come.  And  if  the 
real  greatnefs  of  any  thought,  or  adlion, 
be  eftimated  by  the  number  of  elements 
that  conftitute  it,  and  its  remotenefs  from 
the  dictates  of  fenfe  and  natural  appetite, 
a  virtuous  and  pious  man  will  appear  to 
be  a  much  more  di^^nified  charade r, 
more  proper  to  be  viewed- with  admira- 
tion and  edeem,  than  the  greateil  fcho- 
iar  i  difcovering,  in  fad,  greater  com  - 
prehenfion  and  force  of  mind  I  mean, 
however,  that  virtue  which  is  the  reiiilt 
of  rededion,  of  difcipline,  and  mu:h 
voluntary  exertion,  which,  tho\igh 
operating  with  equ  :1  promptnefs.  and  fa- 
cility, is  as  much  fuperior  to  mere  inno- 
cence, and  what  is  commiOniy  Cciiltdgood 
nat-ure,  as  motions  fecondarily  automa- 
tive  are  to  diofe  that  are  primarily  fo; 
a  comparifon  which  you  who  have  flu- 
died  Bartiefs  'Theory  oj  the  Mind  will 
fee  the  force  of. 

Thefe 
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Thefc  confiderations  I  take  the  liber- 
ty to  fuggeft,  as  being  proper  to  leflen 
that  vanity  which  is  fo  incident  to  thofe 
who  diftinguilh  themfelves  in  the  fields 
of  literature,  and  which,  operating  like 
the  acquifition  of  riches,  or  power,  or 
any  polTeiTion  that  is  rare  among  men, 
inflead  of  enlarging,  may  tend  to  con- 
tradl  the  mind,  by  confining  its  attention 
to  itfelf  Beginning  with  a  generous  emu- 
lation, it  proceeds  to  envy  and  jealoufy, 
and  ends  in  adual  hatred  and  maligoity, 
againfl  which  you  cannot,  iiirely,  be  too 
ftrongly  put  upon  your  guard  \  this  be- 
ing the  greateft  depravity  to  which  hu- 
man nature  is  iubjedt,  and  which  yet, 
like  any  other  vice,  may  be  in  full  pof- 
feffion  of  the  mind,  without  the  perfon 
himfelf  knowing,  or  fufpe cling  it ;  un- 
lefs  he  give  more  attention  to  his  feelings 
than  mofl  peribns  do.  If  no  man  ever 
thought  himfelf  to  be  avaricious,  or 
cruel,  can  it  be  expecled  that  any  per- 
fon fiiould  ever  difcover  that  he  is  too 
feif  conceited  ? 

.Better^ 
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Better,  however,  infinitely  better, 
were  it  to  rank  with  die  mereft  dunces, 
than  have  the  conceit  and  malignity 
(produced  originally  from  conceit)  of 
fome  who  have  diftinguijfhed  themfelves 
the  mod  as  linguifts,  critics,  and  poets. 
Even  the  Hudy  of  nature,  though,  from 
its  vaft  extent,  it  is  lefs  apt  to  produce 
this  baneful  efFe^,  is  not  always  a  lijf- 
ficient  guard  againft  it.  This  is  an  af- 
fecting and  an  alarming  confideratioii. 
But  in  the  intelledual,  as  in  the  civil  and 
commercial  world,  we  gain  nothing  but 
at  trie  riik  of  fome  lofs ;  and  in  this  cafe 
the  poflible  gain  is  worth  the  rilk  of  evca 
this  great  Icfs. 

For  when  literary  and  fcientific  ex- 
cellence coincide  with  that  which  is  of 
a  moral  nature,  it  adds  unfpeakably  to 
tlie  value  of  a  charader.  Ingenuity 
coupled  with  mode  ft  y,  and  great  genius 
with  benevolence  and  true  piety,  con- 
ftitute  the  perfedion  of  human  charac- 
ter, and  is  what  we  fhould  ever  have  in 
view*  And  a  courfe  of  education  in 
which  both  thefe  objedts  are  equally  at- 
tended 
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tended  to,  is  the  only  one  that  delerves 
to  be  called  liberal:  but  fuch  as,  I 
hope,  you  have  found  this  to  be. 

Give  me  leave  further  to  obferve  to 
you,  that  the  time  that  you  fpend  in  a 
place  of  liberal  education  is  of  more  im- 
portance to  you  than  you  can  be  at  pre- 
lent  aware  of.  Whatever  be  the  fphere 
of  life  for  which  you  arc  deftined,  the 
probability  is,  that  you  will  hereafter 
have  but  littk  leifure  for  reading  and 
ftudying,  compared  to  what  you  have 
»ow.  Befides,  general  maxims  of  all 
k-inds,  fuch  as  are  the  foundation  of  all 
our  future  condud,  in  morals,  religion, 
or  politics,  are  generally  formed  at  your 
time  of  life.  From  this  period  expedl 
!«3  .great  change  in  your  opinions,  or 
condu6b  -,  becaufe  now  it  is  that  you  give 
particular  attention  to  the  forming  your 
opinions  on  all  fubjeds  of  importance  3 
fo  that  very  little  that  is  materially  new 
m  you  can  be  expeded  to  occur  to  you 
in  iiiture  life,  and  alnioft  every  thing 
diat  you  would  choofe  to  read  will  only 
tend  to  confirm  you  in  the  general  prin- 
ciples 
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ciples  that  you  will  now  adopt,  Tliere 
are,  no  doubt,  exceptions  to  this,  as 
well  as  every  other  general  obfervation  5 
but  it  is  wifdom  to  fuppofe,  and  to  ad 
upun  the"  fuppoficion,  that  we  are  con- 
flituced  as  the  generality  of*  mankind 
are,  and  that  we  fn^U.  feel,  and  act,  as 
they  do.  Since  then,  fo  much  depends 
on  the  leading  principles  and  maxiais 
which  you  will  now  adopt,  be  it  your 
care  to  form  juil  ^ad  good  ones,  and  let 
no  authoiity  of  tutors,  or  others,  have 
any  undue  influence  over  you.  In  all 
cafes  think  and  judge  for  yourfelves, 
and  efpecially  on  all  fubjeds  of  import- 
ance, and  with  as  much  attention  as 
you  can  give  to  them. 

It  may  not  be  amifs,  in  the  prefent 
flate  of  things,  to  fay  fome thing  re- 
Ipeding  another  fubje6l,  which  now 
commands  univerfal  attention.  You 
cannot  but  be  apprifed,"  that  many 
perfons  entertain  a  prejudice  againft  this 
College,  on  account  of  the  republican, 
and,  as  they  choofe  to  call  them,  the 
licendousj    principles   of    government, 

which 
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which  are  fuppofed  to  be   taiighc  here. 
Show,   then,   by  your  general  converfa- 
tion_,    and     conduft,   that  you   are  the 
friends. of  peace  and  good  order;  and 
that,    whatever  may   be  your  opinions 
with  refpe6l  to  the  bed  form  of  govern- 
ment for  people  who  have  rio  previous 
prejudices  or  habits,  you  wijl  do  every 
thing  in  your  power  for  the  prefervation 
of  that  form   of  it  which  the  generality 
of  your  countrymen    approve,    and  un- 
der which  you  live,  which  is  all  that  can 
be  reafonably  expefled  of  any  fubje^b. 
As  it  is  not  necellary  that  every  good  fon 
Ihould  think  his  parent  the  wifeil  and  beft 
inan  in  the  world,  but  it  is  thought  fuf- 
ficient  if  the  fon  pay  due    refpe^t  and 
obedience  to  his   parent ;  fo  neither  is 
it  to  be  expedted  that  every  man  fliould 
be  of  opinion  that  the  form  of  govern- 
ment under  v/hich  he  happens  to  be  born 
is  the  befl  of  all  poflible  forms  of  go- 
vernment.    It  is  enough  that  he  fubmit 
to  it,  and  that  he  make  no  attempt  to 
bring  about  any  change,  except  by  fair 
reafoning,  and  endeavouring  to  convince 
his  countrymen,  that  it  is  in  their  power 

to 
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to  better  their  condition  in  that  refped, 
as  well  as  in  any  other.  Think,  there- 
fore, fpeak,  and  write,  with  the  great- 
ell  freedom  on  the  fubjed  of  govern- 
ment, particular  or  general,  as  well  as 
on  any  other  that  may  come  before  you. 
It  can  only  be  avowed  tyranny  that 
would  prevent  this.  But  at  the  fame 
time  fubmit  yourfeives,  and  promote 
fubmifTion  in  others,  to  that  form  of 
government  which  you  find  to  be  moft 
approved,  in  this  country,  which  at  pre- 
fent  unqueftionably  is  that  by  King, 
LordSy   and  Commons, 

As  to  reUgiofiy  we  may^  furely,  be  al- 
lowed to  think  and  adt  entirely  for  our- 
felves  i  in  all  cafes  obeying  God  and 
confcience  rather  than  man.  But  let  us 
be  thankful  for  the  degree  of  liberty  that 
we  are  allowed,  though  it  be  not  all  that 
we  are  juflly  entitled  to ;  and  let  us  not 
ufe  any  other  means  than  reafon  and 
argument  in  order  to  better  our  condi- 
tion. By  this  peaceable  and  fteadycort-' 
dud  we  fliall  at  length  convince  tho:fe 
who  will  hear  reafon,  that  we  are  enti- 
tled 
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tied  to  greater  confide  ration ;  and  doubt 
not  but  whatever  is /r/^(?  znd  rig bl,  will 
finally  prevail,  and  be  univerfally  efta- 
blilhed. 

That  any  of  your  tutors,   or  any  of 
the   friends  of  this   inftitution,  wilh  to 
promote  reformation,  in  church  or  Hate, 
by  any  other  means  than  thofe  of  reafon^ 
and  argument,   is  a  calumny ^  utterly  void 
of  foundation,  or  probability.    But  your 
condudt,  difperfed  as  you  will  foon  be 
in  different  parts  of  the  country,  will  be 
the  beft  means  of  refuting  it.     Let  us 
leave  the  method  of  proceeding  by  riot 
and  tumult  to  thofe  perfons  to  whole 
fchemes  fuch  proceedings  are  congenial. 
Truth  ftands  in  no  need  of  fuch  fupport, 
and  will  always  triumph  when  aflailed  by 
llich  weapons.     In  return,  then,  for  the 
advantages  which  you  have   enjoyed  in 
this  inflitution,  do  it  this  fervice ;   and  in 
recommending  it,    I  truft  you  are  doing 
fubftantial  fervice  to  the  caufe  of  liberty 
and  truth ;  and  conferring  a  mod  im- 
portant benefit  on  your  country,  and  on 
mankind. 
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EXPERIMENTAL  PHILOSOPIiY, 


L-EC  TURE    I. 

The  IntroduMion. 


JL  HE  obje(5]:  of  experimental  philofophf 
is  the  knowledge  of  nature  in  general,  or 
more  flridly,  that  of  the  properties  of 
natural  fubflances,  and  of  the  changes  of 
thofe  properties  in  different  circumflan- 
ces.  This  knowledge  can  only  be  at- 
tained by  experiment^  or  ohfervation  -,  as 
that  clay  is  capable  of  becoming  hard 
by  means  of  fire,  and  thcx^eby  being 
made  into  bricks,  and  that  by  the  fame 
means  limeflone  can  be  converted  into 
B  quick- 
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quick-lime,  and  by  the  addition  of  wa- 
ter ard  fand,  make  mortar.     It  is  by 
obfervation  alfo  that  we  difcover  that 
flones  and  other  heavy  bodies  fall  to  the 
ground,  and  that  a  magnet  will  attradl 
iron.      In  other   words,    experimental 
phiiofophyis  an  inveftigation  ofthewif- 
dom  of  God  in  the  works  and  the  laws 
of  nature,  fo  that  it  is  one  of  the  great- 
eft  objeds  to  the  mind  of  man,   and 
opens  a  field  of  inquiry  which  has  no 
bounds;  every  advance  v^e  make  fug- 
gefting  new  doubts  and  fubjeds  of  far- 
ther inquiry. 

The  uniformity  we  difcover  in  the 
properties  of  natural  fubftances  enables 
us  to  lay  down  general  rules,  or  princi- 
ples, which,  being  invariable,  we  call 
the  laws  of  nature ;  and  by  our  know- 
ledge of  thefe  laws  we  are  able  to  pre- 
did,  and  at  our  own  pleafure  to  pro- 
duce, particular  refults,  and  this  is  the 
fource  of  all  the  powers  of  man.  It  is 
the  diredion  we  acquire  of  the  powers 
of  nature  \  fo  that,  as  Lord  Bacon  obferv- 
€d,  knowledge  is  fowsr^ 

All 
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All  arts  and  manufadures  are  derived 
from  fcience.  Thus  the  dodrine  of  me^ 
chanics  is  an  application  of  the  law  of 
gravitation.  Every  thing  we  are  capa- 
ble of  doing  by  means  of  the  fleam-en- 
gine is  derived  from  our  knowledge  of 
the  properties  of  water  in  fleam  j  and 
ajl  the  great  efFeds  of  gunpowder  we 
owe  to  our  knowledge  of  the  compofi- 
tion,  and  chemical  properties,  of  that 
fubflance. 

Every  new  appearance  in  nature  is- 
preceded  by  ibme  new  circumilancej, 
and  to  thisj  or  rather  to  fomething  al-= 
ways  attending  it,  we  fay  that  the  ap- 
pearance is  owing.  This  circumflance 
we  therefore  call  the  caufe^  and  the  new 
appearance  the  effe5f  of  that  caufe. 
Thus  we  fay  that  the  union  of  phlogif- 
tpn  to  a  particular  kind  of  earth  is  the 
caufe  of  its  becoming  a  metal. 

It  is  one  of  the  principal  rules  of  phi- 

lofophizing  to  admit  no  more  caufes  than 

are  necelTary  to  account  for  the  efFe6ls. 

Thus,  if  the  ppv/er  of  gravity,  by  which 

B  2  heavy 
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heavy  bodies  fall  to  the  earth,  be  fufH- 
cient  to  retain  the  planets  in  their  orbits, 
we  are  authorized  to  rejed  the  Carteftan 
Vortices,  "In  other  words,  we  muft 
i-nakc  no  more  general  propofitions  than 
are  eecefTary  to  comprehend  all  the  par- 
ticulars contained  in  them.  Thus,  after 
having  obferved  that  iron  confifls  of  a 
particular  kind  of  earth  united  to  phlo- 
gifton,  and  that  it  is  foluble  in  acids; 
and  that  the  fame  is  true  of  all  other 
metallic  fubftances,  we  fay,  univerfally, 
that  all  metals  confift  of  a  peculiar  earth 
and  phlogiflion,  and  that  they  are  allfo-' 
luble  in  fome  acid. 

Of  the  circumftances  which  occafion 
a  change  in  the  properties  of  bodies, 
fome  are  the  addition  of  what  are  pro- 
perly Q,2i^t^JubftanceSy  or  things  that  are 
the  objedls  of  our  fenfes,  being  vifible, 
tangible:,  or  having  weighty  &c.  Thus 
the  addition  of  an  acid  changes  an  alkali 
into  a  neutral  fait.  But  other  changes 
are  occafioned  either  by  a  change  of  tex- 
ture in  the  fubftance  itfelf,  or  the  addi- 
tion of  fomething  that  is  not  the  objed 

of 
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of  any  of  our  fenfes.  Thus,  a  piece  of 
fteel  becomes  a  magnet  by  the  touch  of 
another  magnet^  and  a  drop  of  glafs  ac- 
quires the  property  of  flying  afunderby 
a  fmall  fradure^  in  confequence  of  fall- 
ing when  red  hot  into  cold  water.  Such 
alfo,  in  the  opinion  of  fome^  is  the  dif- 
ference between  hot  and  cold  fubilances. 

Tin  the  nature  of  the  caufe  bj^:  afcer- 
tained,  it  is  convenient  to  make  ufe  of 
the  ttrm  pr in ciple,  as  including  both  of 
the  above-mentioned  caufes  of  the 
change  of  properties  in  bodies.  Thus, 
whatever  be  the  real  caufe  of  gravity, 
or  of  inflammability,  we  may  fpeak  of 
the  principle  of  gravity  y  or  of  inflamma- 
hilityi  whether,  with  Newton,  we  fup- 
pofe  gravity  to  be  occafioned  by  a  fluid 
pervading  the  whole  univerfe,  which  he 
termed  ather^  and  whether  inflammabi- 
lity be  caufed  by  the  prefence  of  a  real 
fubfliance  called  phlogifl:on,  or  not.  In 
this  manner  we  ufe  the  letters  x  and  y  to 
denote  unknown  quantities  in  algebra* 

When  changes  are  made  in  fubftanccs 

by  the  addition  of  other  fubilances,  they 

B  3  make 
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make  what  is  called  a  chemical  union  i 
and  in  this  cafe  the  properties  of  the 
compound  cannot  with  any  certainty  be 
deduced  from  thofe  of  the  component 
parts,  but  muft  be  afcertained  by  frelh 
experiments.  Thus,  from  the  fpeciiic 
gravities,  or  the  degrees  of  fufibility,  of 
two  metals,  thofe  of  the  compound  can- 
not be  predided.  Neither  water  nor 
r:cid  of  vitriol  will  feparately  diiiblve 
ircu  •  .fb  as  t )  produce  inflimm-able  ciiri.but 
l-(.'i:i  LO^p'th'ir  v;iL  c:)  ic„  'However^,  die 
prr-pcr:ic£  orikiiilur  rompounds  are  limi- 
kr  to^one  another.  Thus,  all  metals  dif- 
folved  in  acids  are  precipitated  by  mild 
alkalis*  This  chemical  union  of  two 
fubHances  we  afcribe  to  a.  certain  ek^ive 
attrauliony  or  affinity  that  fublifls  be- 
tween them,  in  confequence  of  which 
they  unite  with  one  another  whenever  a 
proper  opportunity  offers,  in  preference 
to  thofe  fubftances  to  which  they  were 
before  united.  Thus  the  vitriolic  acidj 
having  a  ilronger  affinity  v/ith  the  veget- 
able aikah  which  is  the  bafis  of  nitre, 
will  unite  v/ith  that  alkali,  and  with  it 
form  another  compound,  called  vitri- 

.    -       -elated 
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4^lated  tartar^  while  the  acid  of  nitre, 
being  detached  from  its  bafe,  is  colieir- 
ed  feparately. 

When  two  fubflances  compofe  one  li- 
quid, and  a  third,  which  has  a  itronger 
affinity  with  either  of  the  two  parts  than 
they  have  with  each  other,  is  added  to 
them,  it  will  unite  with  that  part,  and 
take  its  place  in  the  iblution,  wliile  the 
other  will  ia  itiarsycajes  he  prcclpitJied, 
and  may  be  colieded.  Tiius  the  earth 
of  alum  is  precipitated  from  a  folution 
of  alum  by  fait  of  tartar.  This  is  the 
cafe  oi  fmple  affinity. 

When  both  the  fubflances  are  com- 
pounds, the  component  parts  of  which 
have  a  weaker  affinity  with  each  other 
than  they  have  with  thofe  of  the  other 
compound,  two  new  combinations  are 
formed,  and  this  is  called  a  cafe  of  dou- 
hie  affinity.  Thus  when  phlogifticated. 
alkali  is  poured  into  a  folution  of  green 
vitriol,  the  acid  of  the  vitriol  unites  with 
the  alkali,  while  the  phlogifton  joining 
4iie  calx  of  iron  makes  Pruffian  blue. 

B  4  All 
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Ail  nature  lying  open  to  our  invefti- 
gation,  we  muft  confider  the  different 
parts  in  fome  order.  But  it  is  not  very 
material  which  we  adopt,  becaufe,  be- 
gin where  we  will,  the  properties  of  the 
fubflances  we  firfi  treat  of  will  be  con- 
nedled  with  thoie  which  nnufl  be  particu- 
larly confidered  afterwards,,  the  changes 
in  one  fubftance  being  occafioned  by  its 
union  with  another.  It  will  be  impofli- 
ble,  for  example,  to  explain  the  proper- 
ties of  metals  without  confidering  the 
acidsy  becaufe  by  their  union  with  acids 
very  important  changes  are  made  ia 
tlieir  properties. 

There  have  been  three  principal  me- 
thods of  arranging  natural  fubflances. 
One  is  according  to  t\\Q  three  kingdoms ^ 
as  they  are  called,  into  which  they  have 
been  diilributed,  viz.  the  fninerai,  the 
vegetable 3-.  2in6.t\'\t_animaL  Aaiother  is 
according  to  the  el^meyits  v/Hch  enter 
iiito  their  compofition,  arraf  a  thii:# ac- 
cording to  the  form  in  whiich.  they  are 
iifualiy  found,  viz.  aerialy  fluids  ox  f olid. 
Upon  the  whole  this  lad  appears  to  me 

to 
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to  be  the  mo    convenient,  efpecially  as 
it  is  eafy  to  intermix  general  obierva- 
tions   concerning    the    other   divifions 
when  they  are  particularly  wanted.     As 
there   will   be   frequented   occafion  to 
fpeak  of  the  component  and  elementary 
parts  of  all  fubftances,  I  fhall  here  ob- 
ferve,  that,  according  to  the  lateft  ob- 
fervations,  t^e  following  appear  to  be 
the  elements  which  compofe  all  natural 
fubftances,  viz.  dephlogifticated  air^    or 
the    acidifying  principle }    phlogifioHy  or 
the  alkaline  principle-,  the  different  earths  y 
and  the  principles    of  heat,  lights  and 
ele^ricity.     Beddes  thefe,  there  are  the 
following  principles  which  have  not  been 
proved  to  be  fubftances,  viz.  atiraclion^ 
repulfion^  and  magnetifjn.     By  the  help 
of  thefe  principles  we  are  able,  accord  - 
ing  to  the  prefent  ftate  of  natural  know- 
ledge, to  explain  all  the  appearances  that 
jiave  yet  occurred  to  us. 
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LECTURE  IL 


Of  the  Properties  of  all  Matter, 


'EFORE  I  confider  the  properties  of 
particular  fubftances,  it  will  be  proper  to 
mention  thofe  which  are  common  to 
them  all.  But  I  fhall  firft  obferve,  that 
the  itrm  fuhft an ce  has  no  proper  idea  an- 
nexed to  it,  but  is  merely  a  convenience 
in  fpeech  -,  fince  we  cannot  fpeak  of  the 
properties  of  fubftances,  fuch  as  hardy 
rounds  coloured^  Sec,  &c.  (which  cir- 
cumftances  alone  afFe6i:  our  fenfes,  and 
thereby  give  proper  ideas)  without  fay- 
ing that  they  inhere:  in,  or  belong  to, 
fome  thing,  fubftance,  or  fuhftratum. 
The  terms  being  and  perfon  are  alfo  in 
the  fame  predicament. 

One  property  of  all  fubfbances  is  ex* 
ienfioYiy  fince  they  all  occupy  fome  por-. 
tion  of  fpace, 

Th§ 
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The  incapacity  of  any  fubftance  to 
change  its  place  has  been  termed, 
though  improperly,  the  vis  inertice  of 
matter.  It  is  fufEcient  to  fay,  that  nei- 
ther this,  nor  any  other  effedl  can  be  pro- 
duced without  a  caufe. 

Infinite  divijihility  is  a  neceflary  pro- 
perty of  all  extended  fubilance  ;  and 
from  this  circumftance  it  will  follow, 
that  the  fmaileft  quantity  of  folid  matter 
may  be  made  to  fill  the  largeft  Ipace,  and 
yet  none  of  the  pores  fhall  exceed  the 
fmaileft  given  magnitude  j  and  confe- 
quently,  that,  for  any  thing  we  know  to 
the  contrary,  all  the  bodies  in  the  uni- 
verfe  may  be  comprized  in  the  fmaileft 
Ipace. 

Another  property  ufually  afcribed  to 
all  matter  is  impenetrabiliiyy  or  the  ne- 
ceflary exclufion  of  any  fubftance  from 
the  place  occupied  by  another.  But  the 
only  proof  of  impenetrability  is  the  r<?. 
fiftance  that  we  find  to  our  endeavours  to 
put  one  fubftance  into  the  place  of  ano- 
ther i  and  it  is  demonftrated  by  experi- 
ments. 
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mcnts,  that  this  refiftance  is  not  6cca- 
fioned  by  the  adual  contadl:  of  the  fub- 
ftances,  but  by  a  power  of  repulfion 
adling  at  a  real  diilance  from  their  fur- 
faces.  It  requires  a  confiderable  force 
to  bring  two  folid  fubilances  into  as  near 
contact  as  the  particles  of  the  fame  fub- 
ftance ;  and  that  thefe  are  not  in  adtual 
contasft  is  evident,  from  their  being  cap- 
able of  being  brought  nearer  by  cold  \ 
and  tliis  is  moft  remarkable  with  refpedl 
to  the  heavieft,  that  is,  the  denfcft^  of 
all  fubilances^  viz.  the  metals,       ■ 

A  more  pofitive  argument  for  the 
penetrability  of  matter  is^  that  the  par- 
ticles of  light,  after  entering  the  den- 
fell  tranfparent  fabftance,  do  not  appear 
to  meet  with  any  obfbruclion  to  thek 
progrefs  till  they  come  to  the  oppofite 
fide. 

The  powers  of  attraElion  and  reptdfi^ 
on  feem  to  be  common  to  all  matter, 
and  the  component  parts  of  all  fubilan- 
ces are  kept  in  their  places  by  the  due 
balance  of  thofe  oppofite  pov/ers.     Ifi 

by 
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by  any  means,  the  particles  of  any  fub- 
ftance  be  removed  beyond  their  fphere 
of  mutual  attraflion,  they  repel  one 
another,  as  thofc  of  water  when  it  be« 
comes  fteam. 

Of  the  different  kinds  of  attradlion, 
that  o{  gravitation  feems  to  extend  to 
the  greateft  poflible  diilance ;  but  that 
which  keeps  together  the  parts  of  the 
fame  flibftance,  thence  called  the  at* 
traufion  of  cohefiov,  and  the  different 
kinds  of  chemical  attradlions,  called  af" 
finities^  only  aclat  a  fmall  diflance.  Of 
the  caufes  of  thefe  attradtions  we  are  en- 
tirely ignorant,^ 


0/ 
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._  Of  Aeriform  Sulflancts, 

Aeriform  fubftances,  of  which  the 
air  that  we  breathe  is  one,  though  invi- 
fible,  are  real  fubftances,  as  appears  by 
their  excluding  other  fubflances. 

That  the  air  has  weight  appears  by 
adlually  weighing  a  vefTel  before  and  after 
it  is  exhaufted  of  air  by  means  of  an  air- 
pump  (an  inllrument  contrived  for  that 
purpofe)  by  its  burfting  a  bladder,  and 
various  other  experiments. 

Air,  being  a  fluid,  prelTes  in  all  direc- 
tions, as  in  the  experiment  of  the  foun- 
tain in  vacuoy  and  others. 

The  weight  of  the  air  is  the  caufe  of 
the  fufpenfion  of  mercury  in  a  barometer, 
and  of  the  adlion  of  pumps.  The  weight 
of  atmofpherical  air  is  to  that  of  water 
iji  the  proportion  of  about  i  to  800,  fo 
as  to  pre fs  with  the  weight  of  about 
fourteen  pounds  on  every  fquare  inch  of 
furface. 

Air, 
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Air,  being  an  elaftic  fluid,  is  capable 
of  occupying  more  or  Icfs  fpace  accor- 
ding to  the  prefTure  which  it  fuftains, 
as  appears  by  a  bladder  partially  filled 
with  air  being  expanded  when  the  air  is 
drawn  from  a  receiver  in  which  it  is  put, 
by  means  of  the  air-pump,  and  com- 
prelTed  in  the  condenfing  engine,  an  in- 
ftrument  the  reverie  of  the  air-pump. 

Air  is  neceflary  to  the  conveyance  of 
found,  to  the  exiftence  of  flame,  and  to 
animal  life* 


LECTURE 
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LECTURE    IIlv 

Of  Atmofpherical  Jlr 

A  HE  firftfpecies  of  air  that  offers  itfclf 
to  our  confide  ration  is  that  of  the  atmof- 
phere,  which  appears  to  confifl  of  a 
mixture  of  two  kinds  of  air^  of  differ- 
ent and  oppofite  qualities,  viz.  dephlo- 
giilicated  and  phlogifticatedj  in  the  pro- 
portion of  about  one  third  of  the  former 
*to  two  thirds  of  the  latter.  It  is  by 
means  of  the  former  of  thefe  two  in- 
gredients that  it  is  capable  of  fupporting 
flame  and  anim.al  hfe. 

This  compofition  of  atmofpherical 
air  is  proved  by  fcveral  fubftances  ab- 
forbing  the  dephlogifticated  air,  and 
leaving  the  phlogiiiicated.  All  thefe 
proceiTes  have  been  termed  phlogifticy 
becaufe  the  effe6l  is  not  produced  but 
by  fubilances  fuppofed  to  contain  phlo- 

gifion 
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giflon  in  a  volatile  flate  5  and  by  the 
affinity  between  phlogifton  and  the  de- 
phlogifticated  part  of  the  air,  the  one  is 
ieparated  from  the  other.  Of  thefe 
procefles  are  the  calcination  of  metals, 
a  mixture  of  iron-filings  and  fulphui^ 
liver  of  fulphur,  the  burning  of  phof- 
phorus,  and  the  effluvia  of  flower?* 

In  fome  cafes,  however,  it  is  not  fo 
clear  that  any  thing  is  emitted  ffom  the 
fubllance  that  produces  thiseffedi  for 
water  deprived  of  all^  air  will  abfJ)rb  the 
dephlogifticated  part  of  the  atmolpheri- 
cal  in.  preference  to  the  phiogifticated 
part. 

As  the  purity  of  atmolpherical  air^; 
or  its  fitnefs  for  relpiration,  depends  up- 
on the  proportion  of  the  de phiogiftica- 
ted air  that  it  contains,  any  of  the  above- 
nientioned  proceffcs  will  fjffice  to  deter- 
mine it.  The  more  any  given  quantity 
of  air  is  dimimllied  by  any  of  them, 
the  purer  it  was  before  the  diminution. 
But  this  effed  is  produced  the  moft 
quickly  by  a  mixture  of  nitrous  air,  or 

firing 
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firing  inflammable  air  in  it,  being  almofl: 
inflantaneous. 

In  order  to  meafure  the  purity  of  air, 
it  is  convenient  to  take  more  of  the  ni- 
trous or  inflammable  air  than  is  neceflfa- 
ry  to  faturate  the  dephlogifliicated  air  it 
contains.  Equal  quantities  of  each  beft 
anfwer  the  purpofe.  Suppofing  a  given 
quantity  of  atmofpherical  air  to  be  mix- 
ed with  any  equal  quantity  of  nitrous  air. 
and  the  readuum  to  be  f.  i  nie:-Kirc, 
the  proportion  cf  dephlogiilicated  and 
phlogifticp^ted  air  in  it  may  be  found  by 
the  following  arithmetical  operation,  it 
being  here  taken  for  granted  that  one 
meafure  of  pure  dephlogiilicated  air  will 
faturate  two  meafures  of  pure  nitrous 
sir. 

2.  o  viz.  one  of  each* 

I.  I  the  refiduum* 


3)  o.  9  the  quantity  that  has  dilapw 
pcared. 

o.  3  the  dephlogifl:icated  air  contained 

in  the  meafure  of  the  air  exa-- 

mined. 

And  this fubilra6led  from  i,  leaves.;  for 

|he  proportion  of  phlogifticated  air  in  it. 

LECTURE 
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LECTURE    IV. 

Of  Depblogifticated  Air^ 


'EPHLOGisTiCATirn  air,  which  is  one 
of  the  component  parts  of  atmolpheri- 
cal  dAY,  is  a  principal  element  in  the  com- 
pofidon  of  acids,  and  may  be  extraiied 
by  means  of  heat  fi-om  nKiny  ilibftances 
which  contain  them,  clpccialiy  the  ni- 
trous and  vitriolic  i  as  from  nitre,  red 
precipitate,  the  vitriols,  and  turbith  mi- 
neral, and  alfo  from  thefe  two  acids 
themfelves,  expofed  to  a  red  heat  in  an 
earthen  tube.  This  kind  of  air  is  alfo 
contained  in  feveral  fjbfbances  which 
had  attradted  it  from  the  atmolphere,  as 
from  precipitate  i>er  fcy  miniufn^  (^ 
man^anefe. 

Dephlogidicated  air  is  like  wile  pro-* 
duced  by  the  zddon  of  light  upon  green 
vegetables;  and  this  feems  to  be  the 
chief  means  employed  by  nature  to  pre- 
ferve  the  purity  of  the  atmofphere. 

It 
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It  is  this  ingredient  in  atmofpheric  air 
that  enables  it  to  fupport  combuftion  and 
animal  life.  By  means  of  it  the  moil 
intenfe  heat  may  be  produced,  and  in  the 
pureft  of  it  animals  will  live  nearly  five 
times  as  long  as  in  an  equal  quantity  of 
atmofpherical  air, . 

In  refpiration,  part  of  this  air,  pafP 
ing  the  membrane  of  the  lungs,  unites 
with  the  blood,  and  imparts  to  it  its 
florid  colour,  while  the  remainder,  uni- 
ting with  phlogi{?on  exhaled  from  the 
venous  blood,  forms  fixed  air.  It  is  de- 
phlogifticated  air  combined  with  water 
that  enables  fifhes  to  live  in  it. 

Dephlogifticated  air  is  fomething  hea-^ 
vier  than  atmofpherical  air,  and  the  pu- 
rity of  it  is  meafured  by  mixing  with  it 
two  equal  quantities  of  nitrous  or  inflam  - 
tnable  air,  dedudling  the  refiduum  after 
the  diminution  from  the^ihree  meafures 
employed,  and  dividing  the  remainder 
by  ^y  as  in  the  procefs  for  eommon  air. 

PI 
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Of  Phlogtjlicated  4ir, 

The  other  ingredient  in  the  compo- 
fition  of  atmofpherical  air  is  phlogifti- 
cated  air.  It  is  procured  by  extracting 
the  dephlogiflicated  part  of  the  com- 
mon air,  as  by  the  calcination  of  metals, 
&c.  &c.  by  diflblving  animal  iubftances 
in  nitrous  acid^  and  alfo  by  the  union  of 
phlogifton  with  nitrous  air,  as  by  heat- 
ing iron  in  it,  and  by  a  mixture  of  iron- 
filings  and  fulphur. 

Phlogifticated  air  extinguiihes  a  can- 
dle, is  entirely  unfit  for  reipiration,  and 
is  fomething  lighter  than  common  air. 
It  is  not  capable  of  decompolition,  ex- 
cept by  exploding  it  together  with  a 
fuperabundance  of  dephlogifticated  air, 
and  a  quantity  of  inflammable  air,  or 
by  taking  the  eledlrrc  fpark  repeatedly 
in  a  mixture  of  it  and  dephlogifticated 
air.  In  thefe  cafes  mtrous  acid  is 
formed. 

LECTURE 
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LECTURE    V, 

Of  Inflammahk  Alr^ 


NFLAMMABiE  air  IS  procurcd  from  all 
combuftible  fubftances  by  means  of  heat 
and  water,  and  from  feveral  of  the 
metals,  efpecially  iron,  zink,  and  tin, 
by  the  vitriolic  and  marine  acids. 

From  oils  and  fpirit  of  wine  it  is 
procured  by  the  eledric  Ipark.  By  the 
fame  means  alfo  alkaline  air  is  convert- 
ed into  it. 

That  which  is  procured  from  metals, 
efpecially  by  fleam,  is  the  pu reft  and 
the  lighteft,  about  ten  times  lighter 
than  common  airj  in  confequence  of 
which,  if  a  fufEcient  quantity  be  con- 
fined in  a  light  covering,  it  is  pofTiblc 
to  make  it  carry  up  heavy  weights. 

When  it  is  procured  from  animal  or 
$:egetabk  fubftances,  it  is  of  a  heavier 

kind. 


kind,  and  burns  with  a  lambent  flame, 
of  various  colours,  according  to  the 
circumflaiices. 

Calces  of  metals  heated  m  inflamma- 
ble air  are  revived,  and  the  air  ablbrb- 
tdy  and  fince  all  the  metals  are  revived 
in  the  fame  inflammable  air,  the  prin- 
ciple of  metallization,  or  pblogijio/?,  ap* 
pears  to  be  the  lame  in  them  all. 

Pure  inflammable  air  feems  to  conflil 
of  phlogifl:on  and  water,  and  the  lam- 
bent kinds  to  be  the  fame  thing,  with 
the  addition  of  fome  oily  vapour  difFufed 
through  it» 


LECTURE 
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Of  Nitrous  Air: 


iTROus  kir  is  procured  by  diffolving 
moft  of  the  metals,  efpecially  iron,  mer- 
cury, and  copper,  in  the  nitrous  acid; 
but  that  from  mercury  feems  to  be  the 
pureft.  Nitrous  air  produced  from  cop- 
per contains  a  mixture  of  phlogiflicated 
air.  Some  nitrous  air  is  aifo  obtained 
from  the  folution  of  all  vegetable  fub- 
ftances'in  nitrous  acid;  whereas  animal 
fubftances  in  the  fame  procefs  yield 
chiefly  phlogiflicated  air:  but  in  both 
thefe  cafes  there  is  a  mixture  of  fixed 
air. 

This  ipecies  of  air  is  likewife  pro- 
duced by  impregnating  water  with  ni- 
trous vapour.  This  procefs  continues 
to  have  this  efl^edl  after  the  water  be-? 
comes  bluq,  but  ceafes  when  it  turns 
green  i  there  not  then,  probably,  being 
a  fufficient  propordon  of  water.  Ni- 
trous 
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trous  air  is  likewife  produced  by  volatile 
alkali  paffing  over  ted  hot  manganefe^ 
er  green  vitriol,  when  they  are  yielding 
dephlogifticated  air  This  fhews  that 
dephlogifticated  air  is  one  ingredient  in 
the  compofition  of  nitrous  air,  and  the 
fame  thing  appears  by  pyrophorus  burn- 
ino-  in  it.  On  the  contrary,  when  ni- 
trous air  is  made  to  pafs  over  red-hot 
iron,  volatile  alkali  is. produced. 

Nitrous  air  is  completely  decompofed 
by  a  mixture  of  about  half  its  bulk  of 
dephlogitlicated  air,    and   the  produce 
is  nitrous  acid.     And  as  nitrous  acid  is 
likewife  formed  by  the  union  of  inflam- 
mable   and    dephlogiilicated    air,    one 
principal  ingredient  in  nitrous  air  muft 
be  common  to  It  and  ini^ammable  air, 
or  phlogillon.     This  air  is  likewlle  de- 
"Compofed   by   dephlogifticated   nitrous 
acid,    which   by   this   means    becomes' 
phlogiilicated.     It  is  alfo  decompofed 
by  a  foludon  of  green  vitriol,  which  by 
this  means   becomes   black,  and  when 
expofed  to  the  air,    or  heated,    emits 
nitrous  air,  and  recovers  its  former  co- 
L..-,      ihefe  decompofidons  of  nitrous 
C  air 
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air  feem  to  be  efFedled  by  depriving  it 
of  phlogifton,  and  thereby  reducing  it 
to  the  phlogiflicated  air  originally  con- 
tained in  it. 


This  kind  of  air  is  diminifhed  to 
about  one  fourth  of  its  bulk  by  a  mix- 
ture of  iron  filings  and  brimftone,  or 
by  heating  iron  in  it,  or  calcining  other 
metals  in  it,  when  the  remainder  is 
phlogiflicated  air.  All  that  iron  gets  in 
this  procefs  is  an  addition  of  weight, 
which  appears  to  be  water>  but  it  lofes 
its  phlogiilon,  fo  that  nitrous  air  feems 
to  contain  more  phlogiflon>  and  lefs 
water  than  phlogiflicated  air. 

Nitrous  air  and  dephlogiflicated  air 
will  a6l  upon  one  another  through  a 
bladder,  but  in  this  cafe  there  remains 
about  one  fourth  of  the  bulk  of  nitrous 
air,  and  that  is  phlogiflicated  air;  fo 
that  in  this  cafe  there  feems  to  be  a 
converffon  of  nitrous  air  into  phlogifli- 
cated air  without  any  addition  of  phlo- 
giflon. 

ftroufi  J 
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Nitrous  air  is  decompofed  by  pyro- 
phorus,  and  by  agitation  in  olive  oil, 
which  becomes  coagulated  by- the  pro- 
cefs.  It  is  alfo  abforbed  by  fpirit  of 
turpentine,  by  ether,  by  fpirit  of  wine, 
and  alkaline  liquors. 

It  is  imbibed  by  charcoal,  and  both 
that  air  which  is  afterwards  expelled 
from  it  by  heat,  and  that  which  re- 
mains unabforbed,  is.  phlogiflicated. 

Nitrous  air  refifts  putre^6lion,  but  is 
diminished  by  the  animal  fubflances  ex- 
pofed  to  it  to  about  a  fourth  of  its  bulk, 
and  becomes  phlogiflicated  air.  It  is 
likewife  fatal  to  plants,  and  particularly 
to  infedls. 

When  nitrous  air  is  long  expofed  to 
iron,  it  is  diminilhed  and  brought  into 
a  ftate  in  which  a  candle  will  burn  in  it, 
though  no  animal  can  breathe  it.  But 
this  peculiar  modification  of  nitrous  air, 
called  dephbgijitccited  nitrous  air,  is  pro- 
duced with  the  greateil  certainty  by  dif- 
folving  iron  in  ipirit  of  nitre  faturated 
C  2  with 
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with  copper,  impregnating  water  with 
this  air,  and  then  expelling  it  from  the 
water  by  heat*  If  bits  of  earthen  ware 
be  heated  in  this  dephlogiflicated  nitrous 
air,  a  great  proportion-  of  it  becomes 
permanent  air,  not  mifcibk  with  water, 
and  nearly  as  pure  as  common  air,  fo 
that  the  principle  of  heat  feems  to  be 
wanting  to  conftitute  it  permanent  air. 


LECTURE 
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LECTURE    VII. 
Of  Fixed  Air, 

JtAaving  confidered  the  properties  of 
thofe  kinds  of  air  which  are  not  readily 
abforbed  by  water,  and  therefore  may 
be  confined  by  it,  I  proceed  to  thofe 
which  are  abforbed  by  it,  and  which  re- 
quire to  be  confined  by  mercury.  There 
are  two  kinds,  however,  in  a  middle^ 
ftate  between  thefe,  being  abforbed  by 
water,  but  not  very  readily;  a  confi- 
derable  time,  or  agitation, .  being  necef- 
fary  for  that  purpofe.  The  iirft  of 
thefe  is  fixed  air. 

This  kind  of  air  is  obtained  in  the 
pureft  ftate  by  difTolving  marble,  lime- 
ftone,  and  other  kinds  of  mild  calca- 
reous  earth  in  any  acid.  It  is  alfo  ob- 
tained by  the  burning,  or  the  putrefac- 
tion, of  both  animal  and  vegetable  fub° 
ftances,  but  with  a  mixture  of  both 
ghlogiilicated  and  inflammable  air, 
'  C  3  Fixed 
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Fixed  air  is  alfo  produced  by  heating 
together  iron  filings  and  red  precipitate  -, 
the  former  of  which  would  al6ne  yield, 
inflammable  air,  and  the  latter  dephlo- 
giflicated.  Fixed  air  is  therefore  a  com^ 
bination  of  thefe  two  kinds,  of  air.. 

Another  facl  which  proves  the  fame 
thing  is,  that  if  charcoaL  of  copper  be 
heated  in  dephiogifticated  air,,  almoft 
the  whole  of  if  will'  be  converted  into 
fixed  air.  On  the  fame  principle  fixed 
air  is  produced  v/hen  iron,,  and  other 
inflammable  lb bflances,  are  burned  iii 
dephlogiflicated  air;  and  alfo  when  mi- 
nium, and  other  fubfliances  containing 
dephiogifticated  air,  are  heated  in  ia- 
flamraable  air,. 

That  water  is  an  eflfential  part  of 
tixed  air  is  proved  by  an  experiment 
upon  terra  ponderofa  aerata^  which 
yields  fixed  air  when  it  is  diflfolved  in. 
an  acid,  but  not  by  mere  heat.  If 
ileam,  however,  be  admitted  to  it  in 
that  ft  ate,  it  will  yield  as  much  fiixed 
air  as  when  it  is  difToked  in  an  acid. 

Water 
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Water  abforbs  fomething  more  thnn 
its  own  bulk  of  fixed  air,  and  then  be- 
comes a  proper  acidj  Iron  diiTolved  in 
this  v/ater  makes  it  a  proper  chalybeate; 
as  without  iron  it  is  of  the  fame  nature 
with  Pyrmont  or  Seltzer  water,  which 
by  tliis  means  may  be   made  artidcialiy. 

Ice  will  not  imbibe  this  air,  and 
therefore  freezing  expels  it  from  water. 

Fixed  air  extingiiillies  flame,  and  is 
fatal  to  animals  breathing  in  it.  Alfo 
water  impregnated  with  this  air  is  fatal 
to  fiihes,  and  highly  injurious  to  plants. 
But  water  thus  impregnated  will  prevent, 
in  a  great  meafure,  the  putrcfadion  of 
animal  fubftances. 

Fixed  air  thrown  into  the  inteflines, 
by  way  of  glyfler,  has  been  found  to 
give  relief  in  fome  cafes  of  putrid  dif- 
cafe. 


e  4  Of 
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Of  Hepatid  Air. 


ANOTHER  fpecies  of  air  abforbed  by 
water,  but  not  inftantly,  is  termed  he- 
^atic  airy  being  produced  by  the  folu- 
tion  of  liver  of  fulphur,  or  of  fulphur^ 
ated  iron,  in  vitriolic  or  marine  acid* 

Water  imbibes  about  twice  its  bulk 
of  this  kind  of  air,  and  it  is  then  the 
fame  thing  with  the  fulphureous  waters 
Qi  Harrowgate. 


Of  Phofihoric  Air^ 


pKCSpHORrc  air  is  produced  by  the 
i'blurion  of  phofphorus  in  cauftic  fixed 
alkali..  If  this  air  be  confined  by  mer- 
cury, it  will  take  fire  on  being  admitted 
tc  atmolphenc,  and  much  more  to  deph^ 
logifticated  air.  After  agitation  in  water 
it  lofcs  this  property,  and  the  refiduum 

_  is 
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IS  merely  inflammable  air^  with -no  great 
diminution  of  its  bulk.  This  kind  of 
air,  therefore,  probably  con  fills  of  phof- 
phorus  diflblved  in  inflammable  air; 
though  it  cannot  be  made  by  melting  it 
m.inflam,mabl€  air. 


C  ^-  EECIUIIE, 


o 
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LECTURE    VIIL 


Of  Dephlogijiicated  Marine  Acid  Air, 


JL  HIS  fpecies  of  air  is  produced  by 
heating  fpirit  of  fait  with  manganefe ; 
or  more  readily,  by  pouring  acid  of 
vitriol  on  a  mixture  of  fait  and  manga- 
nefe, in  the  proportion  of  about  16  of 
the  former  to  6  of  the  latter.  In  this 
cafe  the  acid  of  vitriol  decompofes  the 
fait,  and  the  marine  acid,  difengaged 
in  the  form  of  air,  takes  dephlogifti- 
cated  air  from  the  maganefe;  fo  that 
this  fpecies  of  air  feems  to  confifl  of 
marine  acid  vapour,  and  dephlogifticated 
air. 

This  fpecies  of  air  has  a  peculiarly 
pungent  fmell,  and  is  abforbed  by  water 
as  readily  as  fixed  air.  .     ' 
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The  water  takes  about  twice  its  bulk 
of  it  j  and  thereby  acquires  a  yellowifh 
tinge.  Both  this  air,  and  the  water  im- 
pregnated with  it,  difcharges  vegetable 
colours  from  linen  or  cotton,  and  is 
thereby  ufeful  in  bleaching. 

This  air  when  cold  coagulates  into  a 
yellowifh  fubftance.  It  diflblves  mer- 
cury, and  with  it  forms  corrofive  fubli- 
mate. 


Of  Phlogijiicaied  Marine  Acid  Air, 


Besides  the  preceding  kinds  of  air 
which  are  flowiy  abforbed  by  water, 
there  are  others  which  are  ablbrbed 
by  it  very  rapidly,  fo  that  they  cannoi 
be  confined  but  by  mercury. 

Of  this  kind  is  phlogijlicated  marine 
acid  air^  procured  by  the  acid  of  vitriol 
and  common  fait;  the  former  feizing 
upon  the   alkaline  bafis  of  the  latter, 

and 
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and  thereby  expelling  the  marine  acid 
in  the  form  of  air. 


It  is  called  phlogijllcated  to  diilinguifh 
it  from  dephlogifticated  marine  acid  air, 
which  feems  to  be  the  fame  thing,  with 
the  addition  of  dephlogifticated  air. 

Phloglflicated  marine  acid  air  is  hea- 
vier than  common  air.  It  extinguifhes 
a  csiYiQlt  with  a  blue  flame.  It  diffolves 
many  ilibilances  containing  phlogiilon, 
as  iron,  dry  ^it^,  &c.  and  thereby 
forms  a  little  inflammable  air.  Yv'^ater 
abforbs  360  times  its  bulk  of  this  air, 
End  is  then  the  ilrongefl;  fpirit  of  ibXt. 
It  abforbs  one-fixth  more  than  its  bulk 
of  alkaline  air^  and  with  it  forms  the 
common  fal  ammoniac.  Its  affinity  to 
water  enables  it  to  diffolve  ice,  and  to 
deprive  borax,  nitre,  and  other  faline 
fubitances,  of  the  water  that  enters  into 
their  compofition. 


LECTURE 
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LECTURE    IX, 

Of  Vitriolic  Acid  Air, 

itRiOLic  acjdairis  procured  by  heat- 
ing in  hot  acid  of  vitriol  almofb  any  fub- 
ftan'Ce  containing  phlogifton,  elpecialiy 
the  metals  which  are  foluble  in  that  acid, 
as  copper,  mercury^  &c.  This  kind  of 
air  is  heavier  than  common  air,  and  ex- 
tinguifhes  a  candle,  but  widiout  any  par- 
ticular colour  of  its  flame.  It  will  not 
diOodge  the  nitrous  or  marine  acids  from 
any  fubftance  containing  them. 

By  its  aiHnity  to  v/ater  it  deprives 
borax  of  it. 

One  meafure  of  this  air  faturates  two 
of  alkaline  air,  and  with  it  forms  the  vi* 
triolic  ammoniac. 

Water  imbibes  between  30  and  ^o 
times  its  bulk  of  this  air,  and  retains 
it  wiien  frozen.  Water  thus  impreg- 
nated diflblves  fome  metals,  and  thereby 
yields  inflammable  air. 

If 
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If  this  water  be  confined  in  a  glafi 
tube,  together  with  common  air^  and 
be  expofed  to  a  long  continued  heat,  it 
forms  real  fulphur,  the  dephlogifticated 
part  of  the  common  air  being  imbibed, 
and  forming  real  vitriolic  acid,  which 
uniting  with  the  phlogifton  in  the  air, 
forms  the  fulphur.  Alfo  this  air  mixed 
with  atmofpheric  air  will,  without  heat, 
imbibe  fome  part  of  it,  and  thereby  be- 
come the  common  acid  of  vitriol  j  fo 
that  water  impregnated  with  vitriolic  acid 
air,  commonly  called  Julphureous^  or 
phlcgijlicaied  acid  of  vitriol^  wants  de- 
phlogifticated air  to  make  it  the  common 
acid  of  vitriol. 

This  kind  of  air  is  imbibed  by  oils, 
which  thereby  change  their  colour; 
whale  oil  becoming  red,  ohve  oil  of  an 
orange  colour,  and  fpirit  of  turpentine 
of  the  colour  of  amber. 

If  this  air  be' confined  in  a  glafs  tube 
by  mercury,  and  the  eledlric  fpark  be 
taken  in  it,  a  black  tinge  will  be  given 
to  the  glafs  contiguous   to  the  fpark,  and 

this 
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this  black  fubflance  appears  to  be  mer- 
cury luper-phlogifticated  -,  fmce  by  ex- 
pofure  to  air  it  becomes  running  mer- 
cury :  fo  that  the  vapour  of  mercury 
tnuft  be  difFufed  through  every  part  of 
this  air,  to  the  diftance  of  at  leaft  feveral 
feet  from  the  furface  of  the  mercury. 

Of  Fluor  Acid  Air. 

Fluor  acid  air  is  procured  by  dif^ 
folving  the  earthy  fubflance  called/^/^^ 
in  vitriolic  acid. 

This  kind  of  air  extinguilhes  a  candle^ 
and,  like  vitriolic  acid  air,  one  meafure 
of  it  faturates  two  of  alkaline  air.  It 
is  peculiar  to  this  kind  of  air  to  diflblve 
glafs  when  it  is  hot. 

It  feems  to  confifl  of  a  peculiar  acid 
vapour  united  to  the  ftony  fubftance  of 
the  fluor  3  for  water  being  admitted  to 
it^forbs  the  acid  vapour,  and  the  ftony 
fubftance  is  depofited.  By  this  means 
it  exhibits  an  amufing  appearance,  whe- 
ther 
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ther  water  be  admitlted  to  a  glafs  jar  pre- 
vioufly  filled  with  that  air,  or  the  bub- 
bles of  air  be  admitted,  as  they  are 
formed,  t6  a  quantiiy  of  water  refling 
on  mtxCurf. 


LECTURE 
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LECTURE     X, 

Vf  Alkaline  Air; 

w£\lkaline  air  is  produced  by  means 
of  heat  from  cauftic  volatile  alkali,  and 
alfo  from  a  mixture  of  fal- ammoniac  and 
flaked  lime,  in  the  proportion  of  about 
one-fourth  of  the  former  to  three-fourths 
of  the  latter.  In  this  cafe  the  marine 
acid  in  the  fal-ammoniac  unites  with  the 
calcareous  earth,  and  the  volatile  alkali 
(probably  with  the  alTiflance  of  the  water) 
takes  the  form  of  air. 

This  fpecies  of  air  is  heavier  than  m-^ 
flammable  air,  but  lighter  than  any  of 
che  acid  airs.  Like  them,  however,  it 
diflblv^es  ice,  and  deprives  alum,  and 
feme  other  faline  fubflances,  of  the  water 
which  they  contain.  United  v/ith  fixed 
air,  it  makes  the  concrete  volatile  alkali  3 
with  marine  acid  air,  the  common  fal^ 
ammoniac  ;  and  with  water,  the  cauftic 
volatile  alkali, 

Th$ 
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The  eledlric  fpark,  or  a  red  heat^  con- 
verts alkaline  air  into  three  times  its 
bulk  of  inflammable  air;  and  the  calces 
of  metals  are  revived  in  alkaline,  as  well 
as  in  inflammable  air ;  but  there  remains 
about  one-fourth  of  its  bulk  of  phlogif- 
ticated  air.  The'fe  fads  fhcv^i  that  alka- 
line air  cohfiils  chiefly  of  phlogifton. 


M^fcdlancous  OJ^ervaUoni  relating  to  jlir. 

The  nitrous  acid  may  be  exhibited  m 
the  form  of  air,  as  well  as  the  vitrio- 
lic, the  marine,  and  the  fluor  acids.  But 
it  cannot  be  confined  even  by  fnercury, 
which  it  inilantly  diifolves.  It  may, 
however,  in  Ibme  mealure,  be  confined 
in  a  dry  glafs  veflel,  from  which  it  will 
in  a  great  meafure  expel  the  common 
air.  This  nitrous  acid  air  is  that  red 
vapour,  which  is  produced  by  the  rapid 
folution  of  bifmuth,  and  fome  other  me- 
tals in  the  nitrous  acid.  But  the  veget- 
able acid  cannot  be  exhibited  in  the  form 
of  air.  It  is  only  capable  of  being  con- 
verted into  vapour,  fike  water :  and  in 

the 
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the  common  temperature  of  our  atmof- 
phere,  returns  to  a-ftate  of  fluidity. 

Different  kinds  of  air  which  have  no 
affinity  to  each  other,  when  once  mixed 
together  will  not  feparate,  notwithfland- 
ing  any  difli^erence  of  fpecific  gravity. 
Such  is  the  cafe  of  a  mixture  of  in- 
flammable and  dephlogifticated  air,  and 
even  of  inflammable  and  fixed  air. 
Without  this  property  alfo,  the  phlo- 
gifticated  air>,  which  conftitutes  the 
greateft,  part  of  our  atmofphere,  being 
Ipecifically  lighter  than  dephlogiiticated 
air,  of  which  the  other  part  of  it  con- 
fifts,  would  feparate  from  it,  and  afcend 
into  the  higher  regions  of  the  atmof- 
phere.  Inflammable  air,  however,  will 
not  mix  with  acid  or  alkaline  air. 

Difl^erent  kinds  of  air  are  expanded 
differently  l^y  the  fame  degrees  of  heats 
deplogifticated  air  the  leafl,  and  alkaline 
air  the  mofl. 

If  any  fluid,  as  water^  fpirit  of  winej 
or  even  mercury,  be  heated  in  a  porous 

eartheil 


44  LECTURES      ON 

earthen  veflel,  furrounded  by  any  kind 
of  air,  the  vapour  of  the  fluid  will 
pafs  through  the  velTel  one  way,  while 
the  air  paiTcs  the  other -,  and  when 
the  operation  ccafes,  with  refpedt  to 
the  one,  it  likewife  ceafes  with  reipeft  j 

to  the  other,  i 


LECTURE 
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LECTURE    XL 

Of  Liquid  Sulftances  j 

AND    FIRST    O? 

W  A  r   E    R, 

.AViNG  confidered  all  the  fubllances« 
that  are  ufually  found  in  the  form  of  air^ 
I  come  to  thofe  that  are  generally  in  a 
fluid  form,  beginning  with  waier,  which 
is  the  principal,  if  not  the  only  caufe 
of  fluidity  to  all  the  other  fubflances  that 
I  fhall  place  in  this  clafs* 

Pure  water  is  a  liquid  fubftancej  tranf- 
parent,  without  colour,  tafte,  or  fmell ; 
and  with  different  degrees  of  heat  and  cold 
may  be  made  to  allume  the  three  forms 
of  a  folid,  of  a  fluid,  and  of  air.  Below 
32«  of  Fahrenheit  it  is  ice,  and  above 
2i2<>  it  is  vapsjuri  fo  that  in  an  atmof- 
phere  below  32""  it  never  could  have 

been 
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been  known  to  be  any  thing  elfe  than  a 
peculiar  kind  of  ftone,  and  above  2i2« 
a  peculiar  Ipecies  of  air. 

In  pafTing  from  the  ftate  of  a  folid  to 
that  of  a  liquid,  water  abforbs  a  great 
quantity  of  the  principle,  or  matter,  of 
hgat,  which  remains  in  it  in  a  iaUnt  itate  5 
and  in  pafling  from  a  ftate  of  fluid  to 
that  of  vapour,  it  abforbs  much  more ; 
and  this  heat  is  found  when  the  procefles 
are  reverfed.  It  has  been  obferved,  that 
when  water  becomes  vapour,  it  takes 
the  form  of  fmall  globules,  hollow 
within,  fo  as  to  be  fpecifically  lighter 
than  air. 

The  degree  of  heat  at  which  water  is 
converted  into  vapour  depends  upon  the 
preiTure  of  the  atmofpherc  -,  fo  that  in 
vacuo,  or  on  the  top  of  a  high  moun- 
tain, it  boils  with  litde  heat ;  and  when 
comprefled,  as  in  Papin*s  digefter,  or 
in  the  bottom  of  a  deep  pit,  it  requires 
much  heat.  In  the  former  cafe  the  re- 
ftoringof  th^  prefTure  will  inflantiyput 
a  ftop  to  the  boiling,  and  in  the  lat- 
ter 
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ter  cafe  the  removing  of  the  preflure 
will  inftantly  convert  the  heated  water 
into  vapour. 

The  eafe  with  which  water  is  convert- 
ed into  vapour  by  heat,  has  given  a 
great  power  to  mechaniciansj  either  by 
employing  the  natural  preflure  of  the 
atmofphere,  when  fleam  is  condenled 
under  a  moveable  piflern,  in  an  iron 
cylinder,  which  was  the  principle  of  the 
old  fire-engine,  or  by  employing  the 
claflic  power  of  fleam  to  produce  the 
fame  efFed,  which  is  the  principle  of 
Mr.   Watt's  fleam  engine. 

Water  was  long  thought  to  be  incom- 
prefTible  by  any  external  force,  but  Mr. 
Canton  has  fhewn  that  even  the  prefTure 
of  the  atmofpherc  will  condenfe  it  very 
fenfibly. 

We  do  not  know  any  external  force 
equal  to  that  by  which  water  is  expand- 
ed when  it  is  converted  into  ice,  or  into 
vapour.  For  though  the  pardcles  of 
water  approach  nearer  by  cold,  yet 
when  it  cryftallizes,  the  pardcles  ar- 
range 
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range  themfelves  in  a  particular  manner^ 
with  interftices  between  them  3  fo  that, 
on  the  whole,  it  takes  up  more  room 
than  before- 

Water  has  an  affinity  to,  and  com- 
bines with,  almoft  all  natural  fubftances, 
aerial,  fluid  or  folid;  but  moft  inti- 
mately with  acids,  alkalies,  calcareous 
earth,  and  that  calx  of  iron  which  is 
called  Jinery  cinder^  from  which  the 
ftrongeft  heat  will  not  expel  it. 

It  has  been  fuppofed  by  fome,  that 
by  frequent  diftillation,  and  alfo  by  agi^ 
tation,  water  may  be  converted  into  a 
kind  of  earth  -,  but  this  does  not  appear 
to  be  the  cafe.  It  has  alfo  of  late  been 
thought,  that  water  is  fefolvable  into 
dephlogifticated  and  inflammable  air; 
but  the  experiments  which  have  been 
alledged  to  prove  this  do  not  fatisfy  me, 
fo  that,  for  any  thing  that  appeared  till 
very  lately,  water  might  be  confidered 
as  a  fimple  element.  By  means  of  heat 
however,  it  feems  to  be  refolvable  into 
%ch  air  as  that  of  which  the  atmolbherc 

confifls. 
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confifts,  viz.  dephlogifllcated  and  phlo- 
gifticated,  only  widi  a  greater  propordon 
of  the  former. 

Water  with  refpedt  to  fpecific  gravity 
and  temperature^  has  generally  been 
made  the  flandard  to  all  other  fubftancesj 
its  freezing  and  boiling  points  being  the 
limits  by  means  of  which  thermometers 
are  graduated.  Other  fubilances  have 
alfo  been  compared  with  water,  as  a 
ftandard,  with  refpe<5i:  to  the  capacity  of 
receiving  heat,  and  retaining  it  in  a  latent 
flate,  as  will  be  fhewn  when  v/e  confider 
the  fubjed  of  heat. 


D  LECTURE 
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LECTURE    XIL 


Of  the   Nitrous  Acid, 

U  NDER  the  head  of  liqwJiS  I  ihall  con- 
fide r  ^a'^'i  and  alkalis,  though  feme  of. 
them  may  be  exhibited  in  the  form  of 
air,  and  odiers  in  a  folld  form.  Thefe 
two  chemical  principles  are  formed  to 
unite  with  one  another^  and  then  they 
conftitute  what  is  called  a  neutral  f ah. 

Both  acids  and  alkalis  are  diftinguifli- 
fible  by  their  tafte.  Another  teft,  and 
more  accurate,  is,  that  acids  change 
the  blue  juices  of  vegetables  red,  and 
alkalis  turn  the  fyrup  of  violets  green. 

Acids  are  generally  diftinguifhed  ac- 
cording to  the  three  kingdoms  to  which 
they  belong,  viz.  ?nineral,  vegetable, 
and  animal.  The  mineral  acids  are 
thvct,  the  ratrous,  the  vitriolic,  and  the 
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The  nitrous  acid  is  formed  by  the 
union  of  thepureft  inflammable  air,  or  the 
pureft  nitrous  air,  with  dephlogiflicated 
air.  But  it  is  ultially  procured  from 
nitre  by  means  of  the  vitriolic  acid,- 
which,  feizing  its  bafe,  expels  the  nitrous 
acid  in  a  liquid  form.  On  this  account 
this  acid  is  faid  to  be  weaker  than  the 
vitriolic, 

If  the  nitrous  acid  be  made  to  pafs 
through  a  red-hot  earthen  tube,  it  will 
be  decompofed,  and  the  greateft  part  of 
it  be  converted,  into  dephlogiflicated  ain 

Like  all  other  acids,  the  nitrous  acid 
has  a  ftrong  affinity  to  water;  but  it  is 
.not  capable  of  fo  much  concentration  as 
the  vitriolic.  It  is  generally  of  an  orange 
or  yellow  colour ;  but  heat  will  expel 
this  colour  in  the  form  of  a  red  vapour, 
v/hich  is  the  fame  acid  in  the  form  of 
air,  and  loaded  with  phlogifton;  and 
therefore  when  it  is  colourlefs  it  is  faid  to 
be  dephlogitticated.  But  the  colourlefs 
vapour  expofed  to  heat,  or  to  light,  will 
become  coloured  again-,  and  the  liquid 
D  2  acid 
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acid  imbibing  this  coloured  vapour,  be- 
comes coloured  as   before.     This  acid 
'  .tinges  the  Ik  in  of  a  yellow  colour,  which 
'    does  not  difappear  till  the  epidermis  be 
_  charged. 

The  nitrous  acid  unites  with  phloglf- 
^  ton^   alkalis,    metallic   fubftances,    and 

.calcareous  earth. 

B7  means  of  its  affinity  with  phloglA 
ton  ic  occafions  that  rapid  accenfion  call- 
ed detonation^  when  any  fait  containing 
this  acid,  efpecially  nitre,  is  applied  to 
liot  chaYcoal,  or  when  charcoal  is  put 
to  hot  nitre.  In  fa6b  the  charcoal  burns 
lb  rapidly  by  means  of  the  dephlogifti- 
cated  air  fupplied  by  the  nitre. 

A  mixture  of  fulphur  affifts  the  ac-= 
cenQon  of  thefe  fubftances,  and  makes 
gunpowder,  in  the  explofion  of  which 
much  nitrous  or  phlogifticated  air  is  fud- 
denly  produced,  and  expanded  by  the 
heat.  The  application  of  this  force, 
both  to  ufeful  and  deftru6bive  purpoles, 
is  well  known*    If,  inftead  of  nitre,  a 
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fait  made  with  dephlogifticated  marine 
add  be  made  ufe  ofi  the  explofion  is 
more  eafily  produced,  and  is  much  more 
violent.  Fri6tion  will  do  this  as  well  as 
beat. 

Nitre  alfo  enters  into  the  compofitioii 
<j(  puhis  fulminansy  viz.  three  parts  ni- 
tre, two  of  dry  alkali,  and  one  of  f^jl- 
phur.  This  comppfition  melts,  and 
yields  a  blue  flame,  before  it  explodes. 

By  means  of  the  affinity  of  the  nitrous 
acid  to  oili  another  fubftance  containing 
phlogifton,  it  is  capable  of  producing 
not  only  a  great  heat,  but  even  a  fudden 
flame,  efpecially  when  mixed  with  a 
little  vitriolic  acid. 

Nitrous  acid  diflblves  all  metallic  fub- 
ftances  except  gold  and  platina,  and  m 
the  folution  nitrous  air  is  produced. 

The  particular  kinds  of  faline  fubflan- 
Ces  formed  by  the  union  of  the  nitrous 
acid  with  the  feveral  metals  and  earths 
may  be  feen  in  tables  conftru6led  for  the 
purpofe.  They  are  all  deliquefcent. 

-D  z  LECTURE 
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LECTURE   XIIL 

Of  the  Vitriolic  A:id, 

JL  HE  vitriolic  acid,  fo  called  becauie 
it  was  originally  procured  from  vitriol, 
is  now  generally  procured  from  fulphur ; 
the  dephiogifticated  part  of  the  air  uni- 
ting with  it  in  the  a6t  of  burning. 

That  dephlogifticated  air  is  eflential 
to  this  acid  is  evident  from  the  decom- 
pofition  of  it  3  for  if  the  vapoiw  of  it 
be  madfe  to  pafs  through  a  red-hot 
earthen  tube,  a  great  quantity  of  dc- 
phlogifcicated  air  is  produced,- 

This  acid  has  a  llrong  afHniLy,  to 
water,  with  which  it  unites  with  much 
heat  j  and  it  is  capable  of  greater  con- 
centration, or  of  being  made  fpecifiCally 
heavier,  than  any  other  acid.  When 
pure,    it  is  entirely  free  from  colour  and 

fmell, 
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•fmellj  owing,  probably,  to  its  being 
free  from  phlogifton,  wiiich  is  irrepar- 
able from  the  nitrous  or  maririC  aciJs. 

The  vitriolic  acid  will  diOod^ie  i\\t 
nitrous,  or  marine,  or  any  other  acid, 
from  their  earthy  or  metallic  baks :  from 
which  property  it  is  called  the  ftrongcil 
cf  air  the  acids. 

By  means  of  the  fuperior  auiniiy  of 
the  vitriolic  acids  to  earths,  and  cfpeci- 
ally  to  terra  ponderofa^  the  ilnalleft 
quantity  of  it  in  water  may  be  difcovered 
by  a  ibiucion  of  this  eardi  in  th^  marin<i 
-acid.  In  this  acid  the  terra  ponderofi 
is  held  in  perfedt  folution;  but  with  the 
vitriolic  acid  it  forms  a  fubilance  that  is 
infoluble  in  water,  and  therefore  it  in- 
ftantiy  appears  in  the  form  of  a  white 
cloud. 

Perhaps  chiefly  from  the  ftrong  affi- 
nity which  this  acid  has  with  water, 
fyropbcruSy  confining  of  a  mixture  of 
alum  and  feveral  fubftances  containing 
phlogiflon^  takes  fire  Ipontaneouily  on 
D  4  expofure 
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expofure  to  the  air.  It  is  commonly 
made  of  three  parts  of  alum  and  one  of 
brown  fugar,  or  of  two  parts  alum, 
one  of  fait  of  tartar,  and  one  of  char- 
coal. They  mud  be  heated  till  they 
have  for  fome  time  emitted  a  vapour 
that  burns  with  a  blue  flame. 

The  faline  fjbdances  produced  by  the 
union  of  this  acid  with  the  feveral  earths 
and  metals,  are  bed  exhibited  in  tables 
confi;ru6ted  for  the  purpofe.  When  uni- 
ted to  three  of  the  metals,  viz.  iron, 
copper,  and  zinc,  they  are  called  vllncis, 
green,  blue,  and  white.  And  all  the 
fubftances  which  this  acid  unites  Vvith 
crydaliize,  and  do  not  deliquefce. 

This  acid  unites  with  oil,  and  the  mix- 
ture is  always  black. 

When  any  iubilancc  containing  phlo- 
gifton  is  heated  in  the  vitriolic  acid, 
another  fpecies  of  the  acid,  calle'd  y///- 
p'bureous^  is  formed  of  a  pungent  fmelL 
hi  reality,  it  is  water  impregnated  with 
vitriolic  acid  air.     It  makes,  however, 

a  diilin<5l 
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a  diflind:  fpecies  of  acid,  and  is  diflodged 
from  its  bafe  by  moft  of  the  others. 

Of  the  Marine  Acid, 

The  marine  acid  is  procured  from 
common  fait  by  the  vitriolic  acid,  which 
unites  with  its  bafe,  the  foffil  alkali. 

This  acid  is  generally  of  a  flraw-co- 
louri  but  this  is  owing  to  an  impregna- 
tion with  fome  earthy  matter,  moft  of 
which  it  readily  difTolves,  efpecially  the 
metallic  ones.  It  is  lefs  capable  of  con- 
centration than  the  vitriolic  or  nitrous 
acids,  perhaps  from  a  more  intimate 
union  of  phlogifton  with  it.  No  heat 
can  extrad  from  it  any  dcphlogifticated 
air. 

Though  this  is  denominated  a  weaker 
acid  than  the  nitrous,  yet  it  will  take 
(liver,  lead,  or  mercury,  from  their 
union  with  the  nitrous  acid.  Upon  this 
principle,  a  folution  of  thefe  metals  in 
the  nitrous  acid  will  readily  difcover 
whether  aay  water  contains  the  marine 
D  5  acid. 
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acid,  the  latter  uniting  with  the  metal 
diiTolved  in  the  former,  and  forming 
with  it,  if  it  be  filver,  a  luna  corncu  s 
which  being  a  fubflance  infoluble  in 
water,  difcovers  itfclf  by  a  cloudy  ap- 
pearance. 

The  union  of  the  marine  acid  with 
earths  forms  falts  that  eafily  deliquefce, 
but  with  the  metals  fuch  as  are  capable 
of  cryflallization  3  and  i^o  aifo  is  that 
formed  by  the  union  of  this  acid  to  terra 
ponderofa. 

Neither  this  acid  nor  the  nitrous  will 
diffoive  gold  or  platina ,  but  a  mixture 
of  them^  called  aqua  regta^  will  do  it. 

The  marine  acid  has  a  ftrong  alEnity 
to  dephlogifticated  air,  and  will  take  it 
from  manganefe  and  other  fubftancesi 
and  with  this  union  it  becomes  a  diifer- 
ent  acid,  called  depbuOgifticated  marine 
acidy  being  water  impregnated  with  de- 
phlogifticated  marine  acid  air,  defcribed 
above, 

LECTURE 
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LECTURE    XIY. 


Of  the  Vegetable  Jcids,  and  others  of  a  lefs 
^erfe5f  nature. 


JL  HE  principal  of  the  vegetable  acids 
2LX,tt\\t  acetous  d^nd  the  tar  tar  eon.'.  The 
acetous  acid  is  the  produce  of  a  peculiar 
fermentation  of  vegetable  fubilances, 
fjcceeding  the  vinous,  in  which  ardent 
ipirit  it  is  procured,  and  fucceeded  by  the 
putrefactive^  in  which  volatile  alkali  is 
generated. 

Thus  wine  is  converted  into  vinegar. 
Crude  vinegar,  however,  contains  foine 
ingredient  from  the  vegetable  fubfcances 
from  which  it  was  procured :  b'.ic  dil'- 
tillation  feparates  them,  and  m.akes  the 
vinegar  colourlefs  i  tliougli  fjinc  of  the 
acid  is  loil  in  the  procefs. 

The 
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The  acetous  acid  is  concentrated  by 
froflj  which  does  not  afFedl  the  proper 
acid,  but  only  the  water  with  which  it 
is  united.  It  may  likewife  be  concen- 
trated by  being  firfl  combined  with  alka- 
lis, earths,  or  metals,  and  then  diflodg- 
ed  by  a  flronger  acid,  or  by  mere  heat. 
Thus  the  acetous  acid,  combined  with 
vegetable  alkali,  forms  a  fubflance  that 
is  called  iht  foliated  earth  of  tartar  i  and 
it  maybe  expelled  from  it  by  the  vitriolic 
acid.  When  combined  with  copper  it 
makes  verdigris  5  and  from  this  union 
lieat  alone  will  expel  it  in  a  concontrated 
ftate.  The  acetous  acid  thus  concentra- 
ted is  called  radical  vinegar.  Still, 
however,  it  is  weaker  than  any  of  the 
preceding  mineral  acids. 

Several  vegetables,  as  lemons,  forrel, 
and  unripe  fruit,  contain  acids,  ready 
formed  by  nature,  mixed  with  fome  of 
the  effendal  oil  of  the  plants,  which  gives 
them  their  peculiar  flavours.  All  thefe 
acids  have  peculiar  properdes  s  but  it  is 
not  neceffary  to  note  them  in  this  very 
general    view    of    the   fubjcd.     Like 

vinegar^ 


BXPERI MENTAL  PfilTO^O^HV.      6f 

Vinegar,  thefe  acids  may  be  concen- 
trated by  froft,  and  alfo  by  a  combina* 
tion  with  other  fubftances,  and  then  ex- 
pelled by  a  ftronger  acid. 

The  add  of  tartar  is  very  fimilar  to 
that  of  vinegar.     Tartar,  from  which 
it  is  procured,  is  a  fubftance  depofited 
on  the  infide  of  wine-cafks,  though  it 
is  alfo  found  ready  formed  in  feveral  ve- 
getables.    It  confifts  of  the  vegetable 
alkali  and  this   peculiar   acid.     When 
refined  from  its  impurities,  it  is  called 
cryjlah,  or  cream  of  tartar.     The  acid 
is  procured  by  mixing  the  tartar  with 
chalk,  or  lime,  which  imbibes  the  fu- 
perfluous  acid,  and  this  is  expelled  by 
the  acid  of  vitriol.     Or  it  may  be  pro- 
cured by  boiling  the  tartar  with  five  or 
fix  times  its  weight  of  water,  and  then 
putting  the  acid  of  vitriol  to  it.     This 
unites  with  the  vegetable   alkali,    and 
forms  vitriolated  tartar  ^  and  the  pure 
acid  of  tartar  may  be  procured  in  cryf- 
tals,  by  evaporation  and  filtration,  equal 
in  weight  to  half  the  cream  of  tartar. 

This 
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This  acid  of  tartar  is  more  foluble  in 
water  than  the  cream  of  tartar. 

This  acid,  united  to  the  mineral  al- 
kali^ makes  Rocbelk  fait. 

Every  kind  of  wood^  when  diililled, 
or  burned,  yields  a  peculiar  acid  ^  and 
it  is  the  vapour  of  this  acid  that  is  fo 
ofiendve  to  the  eyes  in  the  fmoke  of 
wood. 

A  peculiar  acid  is  obtained  from  moft 
vegetable  fubftances,  efpecially  the  fari- 
naceous ones,  and  from  fugar,  by  dif^ 
dilation  with  the  nitrous  acid.  This 
ieizes  upon  the  fubftance  with  which 
the  acid  was  united,  and  efpecially  the 
phlogifton  adhering  to  it,  and'  then  the 
peculiar  acid  of  fugar  cryilallizes.  Thus 
tvith  three  parts  of  fugar,  and  thirty  of 
nitrous  acid,  one  part  of  the  proper 
acid  of  fugar  may  be  obtained.  By  the 
fame  procefs  an  acid  may  be  procured 
from  camphor. 

The 
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The  hark  of  oak,  and  fome  other  ve- 
getable fuhltances,  efpecially  nut-galls, 
contain  a  fubftance  which  has  obtained 
the  name  of  the  aftringent  -principle ;  the 
peculiar  property  of  which  is,  that  it 
precipitates  folutions  of  iron  in  the  form 
of  a  black  powder,  and  in  this  manner 
ink  is  made.  But  by  folution  in  water 
and  evaporation,  cryftals,  which  are  a 
proper  add  of  gails^  may  be  obtained. 

Amber  is  a  hard  lemitranfparent  fub« 
ftance,  chiefly  found  in  Pruflia,  either 
dug  out  of  the  earth,  or  thrown  up  by 
the  fea.  It  is  chiefly  remarkable  for  its 
electrical  property;  but  by  diftillation 
in  clofe  veflels  there  fublimes  from  it  a 
concreted  acid,  foluble  in  24  times  its 
weight  of  cold  water.  Amber  feems 
to  be  of  vegetable  origin,  and  to  con- 
fill  of  an  oil  united  to  this  peculiar  acid. 

The  acids  1  fliall  mention  next  are  of 
a  mineral  origin  >  but  being  of  a  leis 
perfedb  nature  as  acids^  I  fhall  only  juft 
note  them  here, 

Bora^ 
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Bora^  is  a  fubftance  chiefly  found  in 
a  cryftallized  ftate  in  fome  lakes  in  the 
Eaft  Indies.  It  confifls  of  the  mineral 
alkali  and  a  peculiar  acid,  which  may 
be  feparated,  and  exhibited  in  white 
flakes,  by  putting  acid  of  vitriol  to  a 
folution  of  it  in  water.  This  acid  has 
been  czW^d  fedative  falty  from  its  fup- 
pofed  ufes  in  medicine.  It  is  an  acid 
that  requires  fifty  times  its  weight  of 
water  to  diifolve  it. 

Several  other  mineral  fubilances,  as 
arfenic,  molyhdenay  tungften^  and  wol- 
fram^ in  confequence  of  being  treated 
as  the  preceding  vegetable  ones,  have 
been  lately  found  to  yield  peculiar 
acids.  They  are  alfo  produced  in  a 
concrete  ftate,  and  require  a  confidera- 
ble  proportion  of  water  to  make  them 
liquid ;  but  as  the  water  in  which  they 
are  difTolvcd  turns  the  juice  of  litmus 
red,  and  as  they  aifo  unite  with  alkalis, 
they  have  ail  tht  neccfTary  charaderiftict 
of  acids, 

LECTURE 
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LECTURE    XV. 

Of  th^  Phofi^horic  Acid. 

JL  HE  mofl  important  acid  of.  animal 
origin,  though  it  has  lately  been  found 
in  fome  mineral  fubdances,  is  the  ^^i?^/- 
phoric. 

Phoiphorus  itfelf  is  a  remarkable  fub-- 
fiance,  much  refembling  fulphur,  but 
much  more  inflammable.  ^  It  has  been 
procured  chiefly,  till  of  late,  from 
urine,  but  now  more  generally  from 
honesy  by  m.eans  of  the  vitriolic  acid, 
which  unites  with  the  calcareous  earth 
of  which  bones  confifl:,  and  fets  at  li« 
berty  the  phoiphoric  acid,  or  the  bafc 
of  that  acid,  with  which  it  was  naturally 
combined.  The  acid  thus  procured^ 
mixed  with  charcoal,  and  expofed  to  a 
ftrong  Heat;,  makes  phoiphorus. 

■  Thif 


C6  LECTURES     OK 

This  fubilance  burns  with  a  lambent 
flame  in  the  common  temperature  of 
our  atiT/ofphere,  but  with  a  ilrong  and 
vivid  Bame  if  it  be  expofed  to  the  open 
air  when  moderately  warm.  In  burn- 
ing it  unites  with  the  dephlogiilicated 
air  of  the  atmofphere,  and  in  this  man- 
ner the  pureix  phofphoric  acid  is  pro- 
duced. 

This  acid  is  alfo  procured  In  great 
puritj  by  m.eans  of  the  nitrous  or  vitri- 
olic acids,  efpecially  the  former,  which 
readily  combines  Vv'ith  the  phlogiilon  of 
the  phofphor'iis,-  and  thus  leaves  the 
acid  pure.  In  this  procefs.phlogifticat* 
^d  air  is  produced. - 

This  acid  is  perfedly  colon rlefs,  and 
when  expofed  to  heat  lofes  all  its  water, 
and  becomes  a  glafly  fubflance,  not  li- 
able to  be  diffipated  by  fire,  and  readily 
uniting  with  earths. - 

United  to  the  mineral  alkali,  it  forms 
a  neutral  fait,  lately-  introduced  into  me- 
diciae.  United  to  the  mineral  and  vegeta- 
ble 
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ble  alkalis  naturally  contained  in  urine, 
it  has  obtained  the  name  of  microcofmic 
falt^  frequently  ufed  -as  a  flux  for  mine- 
ral fubilances  with  a  blow-pipe. 

Be  fides  the  phofphoric,  there  arc 
other  acids  of  an  animal  origin  \  as  that 
of  milk^  that  of  fugar  of  milky  that  of 
the  animal  calculus y  and  that  of /^Z.- 

The  acid  of  milk  is  the  four  whey 
contained  in  butter-milk,  which,  by  a 
tedious  chemical  procefs,  may  be  ob- 
tained pure  from  any  foreign  fubftance. 

The  fugar  of  milk  is  procured  by 
evaporating  the  whey  to  drynefs,  then 
diiTolving  it  in  water,  clarifying  it  with 
the  whites  of  eggs,,  and  evaporating  it 
to  the  confiilence  of  honey.  In  this 
(late  white  crytials  of  the  acid  of  ftigar. 
of  milk  will  be  obtaii-ed, 

By  diftilling  thefe  cryfl:als  with  ni- 
"trous  acid;  other  cryflals  of  the  proper 
acid  of  fugar  of  milk  will  be  obtained^ 
fimilar  to  thofe  of  the  acid  of  fugar. 

If 
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If  the  human  calculus  be  diftilled,  it 
yields  a  volatile  alkali,  and  fomething 
fublimes  from  it  which  has  a  fourifh 
tafte,  and  therefore  called  the  acid  of 
the  calculus.  It  is  probably  fome  modi- 
fication of  the  pholphoric  acid. 

Animal  fat  yields  an  acid  by  diftilla- 
tion,  or  by  firft  combining  it  with  quick- 
lime, and  then  feparating  it  by  the  vi- 
triolic acid.  Siliceous  earth  is  corroded 
by  this  acid^. 


LECTURE 
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LECTURE    XVL 

Of  Alkalh. 

Jl  he  clafs  of  fubftances  that  feems 
particularly  formed  by  nature  to  unite 
with  acids,  and  thereby  form  neutral  fait  Sy 
are  the  alkalis.  They  have  all  a  peculi- 
ar acrid  tafte,  not  eafily  defined.  They 
change  the  blue  juices  of  vegetables 
green,  or  purple,  and  in  common  with 
acids  have  an  affinity  with  water,  fo  as 
to  be  capable  of  being  exhibited  in  a  li- 
quid form  J  though  when  this  water  is 
expelled  by  heat,  fome  of  them  will  af- 
fume  a  folid  form. 

Alkalis  are  of  two  kinds ;  the  fixed^ 
which  have  no  fmell,  and  the  volatile^ 
which  have  a  pungent  one. 

The  fixed  alkalis  are  of  vegetable  or 
mineral  origin.  When  in  a  folid  form^ 
they  both  melt  with  a  moderate  heat, 
and  unidng  with  earthy  fubflances,  make 
glafs.  With  an  intenfe  heat  they  are 
volatilized* 

Vegetable 
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Vegetable  alkali  is  procured  by  burn- 
ing plants,  and  lixiviating  the  afhes ;  a 
purer  kind  by  the  burning  of  tartar, 
hence  called  fait  of  tar  far ;  but  the 
pureft  of  all  is  got  by  the  deflagra- 
tion of  nitre  j  the  charcoal  uniting  with 
tlie  acid  as  it  aflumes  the  form  of  de- 
phlogifticated  air,  and  the  alkali  be- 
ing left  behind. 

Mineral  alkali  is  found  in  aHies  of 
fca  weed.  It  is  likewife  the  bafis  of 
fea-falt  5  from  which  it  is  feparated  by 
feveral  procefles,  but  efpecially  by  the 
calx  of  lead,  which  has  a  flronger  affi- 
nity with  the  marine  acid  with  which  it 
is  found  combined. 

Alkalis  united  with  fixed  air  are  faid 
to  be  mi'i^i  and  when  deprived  of  it 
cauftiCi  from  their  readienls  to  unite 
with,  and  thereby  corrodey  vegetable 
and  animal  fubflances.  To  render  them 
cauflic^  they  are  deprived  of  their  fixed 
air  by  quick-lime  s  and  in  this  flatc 
they  unite  with  oils^   and  make /t?^/. 

Alkalis 
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Alkalis  have  a  ftronger  affinity  with 
acids  than  metals  have  with  them  -,  To 
that  they  wall  precipitate  them  from  their 
falutions  in  acid  menftruums. 

The  vegetable  fix^d  alkali  has  a 
flrong  attraction  to  water,  with  which 
it  will  become  faturated  in  the  com- 
mon ftate  of  our  atmofphere,  when  it 
is  faid  to  deliquefce ;  and  having  the 
appearance  of  oil,  the  fait  of  tartar  is 
thus  faid  to  become  oil  of  tartar  fer 
deUqtiium,  On  the  other  hand,  the 
mineral  and  foflil  alkali,  is  apt  to  lofe 
its  w^ater  in  a  dry  atmofphere,  and 
then  it  is  faid  to  efflorefce.  In  this 
ftate  it  is  often  found  on  old   walls. 

Volatile  alkali  is  procured  by  burning 
animal  fubftances  j  in  Egypt  (from 
whence,  as  contained  in  fal  ammomac^ 
we  till  of  late  imported  it)  from  ca- 
mel's dungi  but  now  from  bones,  by 
diflillation.  To  the  liquor  thus  pro- 
cured they  add  vitriohc  acid,  or  fub- 
ftances  which  contain  it.  This  acid 
unites    with   the   alkali;   and  coramor"./ 
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fait  being  put  to   it,  a  double  affinity- 
takes  place.     The  vitriolic  acid  uniting 
with   the    mineral   alkali   of   the   fait, 
makes  GlauUr  falty  and  the  marine  acid 
uniting  with  the  volatile  alkali,  makes 
[al  ammoniac.     Slaked    lime   added  to 
this,   unites    with    the  marine  acid  of 
the  ammoniac,  and  fets  loofe   the  vo- 
latile alkali  in  the  form  of  alkaline  air, 
which    combining  with  water,    makes 
the  liquid   cauftic    volatile    alkali.     If 
chalk  (containing  calcareous  earth  united 
with  fixed  air)  be  mixed  with  the  fai 
ammoniac,  heat  will  make  the  calca- 
reous earth  unite  with  the  marine  acid, 
while  the   fixed   air  of  the    chalk  will 
unite  with  the  volatile  alkali,  and  af- 
fume  a  folid   form,  being  the  fal  vo- 
latik  of  the  apothecaries. 


LECTURE 
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LECTURE     XVIL 

0/  Liquid   Injiammahk   Suhjlanccs. 


O, 


F  liquid  inflammable  lubilances  the 
principal  is  fpirit  of  wine,  fometimes 
called  ardent  fpirity  and,  when  highly 
rectified,  aJcohoL  It  is  obtained  from 
vegetable  fubilances  by  their  going 
through  the  vinous  fermentation.  It 
is  conliderably  lighter  than  water,  co- 
lourlefs,  and  tranfparent,  has  a  peculiar 
fmell  and  taile,  and  the  property  of  in- 
ebriating. 

Ardent  ipirit  feems  to  confiil  of  a 
peculiar  combination  of  phlogiflon  and 
water ;  for  when  the  vapour  of  it  is 
made  to  pafs  through  a  red-hot  earthen 
tube,  it  is  refolved  into  water  and  inflam- 
mable air.  It  is  highly  inflammable, 
and  burns  without  liTioke,  or  leavirg 
any  reflduum  j  and  in  the  acl  of  burn- 
ing its  phlogiflon  fo  unites  with  dephlo- 
giflicated  air  as  to  make  fixed  air. 

E  '     Kx^^TX 
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Ardent  fpirit  mixes  readily  with  wa- 
ter in  ali  proportions,  and  with  eflential 
oils,  and  balfams  or  refins,  which  are 
the   fame   thing  inlpiflated. 

By  its  affinity  with  elTential  oils,  ar- 
dent fpirit  extrads  them  from  aromatic 
plants  j  and  thefe  liquors  have  obtained 
the  name  of  tin5lures^ 

When  the  tinflures  are  diftilled,  the 
more  volatile  parts  of  the  eflential  oils, 
which  come  over  in  diftillation,  have  ac- 
quired the  name  of  waters  ;  as  haveti' 
der  watery  Rofemary  water,  &c.  and 
what  remains  in  the  ftill  is  called  ex^ 
traEl  of  the  plant.  If  the  tindtures  be 
diluted  with  much  water,  the  refinous 
part  of  the  plant  will  be  obtained  pure, 
and  feparated  from  the  extradbive  part, 
which  will  remain  diflblved  in  the  water, 
while  the  refin  feparates  from  ic» 

Spirit  of  wine  will  not  dlflblve  the 
gummy  parts  of  vegetables ;  and  by 
this  means  the  gummy  fubftances  may 
be  feparated  from   their  folutions  in 

water^ 
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water,  the  fpirit  uniting  with  the  water 
only.  On  the  other  hand,  if  refins  be 
diflblved  in  fpirit  of  wine,  the  affuiioa 
of  water  will  feparate  them.  By  means 
of  the  affinity  of  fpirit  of  wine  with  wa- 
ter, it  will  feize  upon  the  water  in  which 
feveral  fairs  are  difTolved,  and  thus  pro- 
duce an  inflant  cryflallization  of  them. 

Salt  of  tartar  has  a  greater  affinity  to 
water  than  fpirit  of  v/ine,  and  by  extract- 
ing water  from  it,  will  afTift  in  concen- 
trating it ;  but  the  bed  method  of  ren- 
dering Ipirit  of  wine  free  from  v/ater  is 
diflillation,  the  ardent  ipirit  rifmg  before 
the  water. 

Spirit  of  wine  mixed  with  the  vitriolic 
and  other  mineral  acids,  renders  them 
milder,  and  thereby  more  proper  for 
certain  medicinal  ufes.  This  is  called 
dulcifying  them. 

Spirit  of  wine  is  a  powerfiil  antifeptic, 
and  is  therefore  of  ufe  to  preferve  veget- 
able and  animal  fubllances  from  putre- 
faction. 

E  2  Cf 
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Of   Mther. 

If   fpirit  cf  wine  be  diftiiled  with  al- 
moll  any  of  the  acids,  the  produce  is 
a   liquor  which  has  obtained  the  name 
of  jEiher^    from  its  extreme  li2:htners 
and  volatility,  being  much  lighter,  and 
more    volatile,   than    any    other    fluid 
that    we    are    acquainted    with.     It   is 
highly   inflammable,    but   the    burning 
of  it  is  accompanied  with  fmoke,  and 
ibme    foot ;  and  on  this   account  it  is 
a  medium  betv/een  ipirit  of  wine  and 
oil,    the   acid  having   taken   from   the 
fpirit    of  wine  part   of  the  water   that 
was  eiTential  to   it,    at  the   fame   time 
that  it  communicated  fomething  of  its 
acid  peculiarly  modified ;  fince  others 
have  different  properties   according   to 
the  acids  by    which   they   are   made  5 
as  the  vitriolic^  the  nitrous ^  the  marine y 
and  the  acetous.     No  ^ther,  however, 
can   be    made   from   the   marine   acid 
till  it  has   been  in  fome  meafure   de- 
phlogifticated  j  from  which  it  may  be 

inferred, 
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inferred,  that  dephlogidlcated  air  is 
ncceffary  to  the  compofition  of  ^cher. 
Vitriolic  sether  is  the  moft  common, 
in  confequence  of  the  procefs  by  which 
it   is  made   being  the   eafiefl. 

^ther  does  not  mix  with  water  in 
all  proportions,  like  fpirit  of  wine,  hut 
ten  parts  of  water  will  take  up  one 
of  aether.  It  eafily  mixes  wi:h  all 
oils. 


It  is  fomething  remarkable,  that 
though  asther  will  not  dilTolve  gold, 
it  will  take  from  aqua  regia  the  gold 
that  lias  been  previoufly  dilTolved  in 
it. 

By  the  quick  evaporation  of  sther 
a  confiderable  degree  of  cold  may  be 
procured  j  and  on  this  principle  it  has 
fometimes  been  applied  to  relieve  the 
head-ach  and  other  pains. 


E  3  LECTURE 
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LECTURE      XVIIL 

Of  Oil, 

\l  is  a  liquid  inflammable  fubflance, 
of  great  tenacity,  difpofed  to  pour  in 
a  ftream  rather  than  in  drops.  It  is 
little,  if  at  all,  foluble  in  water.  It 
burns  with  fmoke  and  foot,  and  leaves 
a  refiduum  of  a  coaly  fubftance.  It 
confiiis  of  acid  and  water  combined 
with  f  hlogiilon. 

All   oil  is  the  produce  ot  the   ve-  ' 
g^iable  or  animal  kingdom,  no  proper 
mineral     iubllance     contalnincr   any   of 
it. 

Ey  didillation  ell  is  in  part  decom- 
pofed,  and  by  this  means  the  thicker 
kinds  of  oil  are  rendered  thinner  and 
more  volatile,  the  acid,  to  which  their 
confidence  is  chiefly  owing,  being  loil 
i  i  the   procefs.     By    repeated   diililla- 

tlon 
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tion  it  is  fuppofed  that  all  oils  may 
be  brought  almoft  to  the  ftare  of 
sether,   and   even    of  ardent  fpirit. 

Acids  a6l  powerfully  upon  oils,  but 
very  differently,  according  to  the  na- 
ture of  each.  Alkalis  alfo  combine 
with  oils,  and  the  lefs  thin  and  vo- 
latile they  are,  the  more  eafily  are 
they  foluble  in  alkalis.  The  union 
of  alkali  and  oil  makes  foap.  All  oil 
diflblves  fulphur,  and  with  it  makes 
what  is  called  a  halfam.  Oils  alfo  dif- 
fblve  metallic  lubftances,  but  moil  fen- 
fibly  copper  and  lead.  United  with 
the  cak  of  lead^  it  is  ufed  in  paint- 
ing. 

Oil  not  readily  mixing  with  water, 
it  will  difFufe  itfelf  over  its  furfacc, 
and,  notwithflanding  its  tenacity,  it  will 
do  this  very  rapidly,  and  to  a  great 
extent ;  and  then  it  has  the  extraordi- 
nary  effed  of  preventing  the  a6tion  of 
the  wind  upon  the  water,  fo  as  to 
prevent  the  forming  of  waves.  If  a 
quantity  of  oil  and  water  be  put  into 
E  4  aglafs 
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a  glafs  velTel  and  fwung,  the  furfacc 
of  the  water  below  the  oil  will  be  ktn. 
to  change  with  refpedl  to  the  vefTel,  but 
not  that  of  the  oil.  If  fpirit  of  wine 
be  put  upon  them,  that  will  be  at  reft/ 
and  both  the  lower  fluids  in  motion. 

Vegetable  oil  is  of  two  kinds,  the 
fofi,  or  miUy  which  has  little  or  no  tafte 
or  fmell,  and  the  ejjential  oil,  which  is 
thin,  and  retains  the  fmell  and  tafte  of 
the  plant  from  which  it  was  extraded. 

Mild  or  fweet  oil  is  exprelled  from 
the  graint  or  kernels  of  vegetables,  and 
requires  a  confiderable  degree  of  heat 
to  convert  it  into  vapour,  in  which  ftate 
alone  it  is  capable  of  being  inflamed. 

EJfential  oil  is  voladlc  in  the  heat  of 
boiling  water,  and  is  generally  obtained  % 
by  means  of  diftillation  from  the  moft 
odoriferous  forts  of  plants  3  but  is  fome- 
times  found  in  their  veflcles,  as  in  the 
rind  of  an  orange.  The  ftrong  tafte  of 
this  kind  of  oil  arifes  from  the  difengaged 
acid  which  abounds  in  it,   and  by  this 

means 
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means  it  is  foluble  in  fpirit  of  wine, 
which  fweet  oil  is  not :  but  it  lofcs 
much  of  this  property  by  repeated  dif- 
tillations.  By  long  expofure  to  the  air 
it  lofes  its  more  volatile  parts,  and  there- 
by approaches  to  the  nature  of  a  refm. 
This  volatile  odoriferous  principle  has 
been  called  i\\c  fpirit  us  re  51  or  of  the  plant. 

The  elTential  oils  of  different  plants 
differ  much  in. their  fpecific  gravity,  and 
alfo  in  the  manner  by  which  they  are 
affe6led  by  cold,  fome  being  heavier  vind 
others  lighter  than  water,  and  fon:ie  be- 
ing more  difficultly,  and  others  more 
eafily  congealed.  Though  the  differen- 
ces with  refpe6t  to  weight  and  confiftcncy 
in  thefe  oils  is  probably  owing  to  the 
flate  of  the  acid  that  is  combined  with 
them,  thefe  two  properties  are  wholly 
independent  of  each  other ;  fome  eflen- 
tial  oils  being  very  thin  and  yet  heavy, 
and  others  thick  and  yet  light.  Effential 
oils  are  ufed  in  perfumes,  and  alfo  in 
medicine,  adting  powerfully  on  the  ner- 
vous fyflem. 

E  5  EITentiai 
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Eflential  oils  are  very  apt  to  be  adul- 
terated. If  it  be  with  fweet  oil,  it  may 
be  difcovered  by  evaporation  on  white 
paper,  or  by  a  folution  in  fpirit  of  wine, 
which  will  not  ad:  upon  the  fweet  oil. 
If  fpirit  of  wine  be  mixed  with  it,  it 
will  be  difcovered  by  a  milky  appearance 
upon  putting  water  to  it,  which  uniting 
with  the  fpirit,  will  leave  the  oil  much 
divided.  If  oil  of  turpentine,  which  is 
the  cheapeil  of  eflential  oils,  be  mixed 
with  any  of  the  more  valuable  kinds,  it 
will  be  difcovered  by  evaporation  ^  a 
flirong  fiTiell  of  turpentine  being  left  on 
the  paper,  or  cloth,  upon  which  the 
evaporation  was  made. 

Animal  oil  like  the  vegetable,  is  of 
two  kinds ;  the  firfl  butter^  or  fat^  which 
is  eafily  congealed,  owing  to  the  quantity 
of  acid  that  is  intimately  combined  with 
it.  It  refembles  the  fweet  oil  of  veget- 
ables in  having  no  fmell  or  tafte.  The 
other  kind  of  animal  oil  is  extra6]:ed  by 
diilillation  from  the  flefh,  the  tendons, 
the  bones,  and  horns,  &c,  of  animals. 
It  differs  eflentialiy  from  the  other  kind 

of 
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of  animal  oil,  by  containing  an  alkali  in- 
(lead  of  an  acid.  By  repeated  diftilla- 
tioti  it  becomes  highly  attenuated  and 
volatile;  and  in  this  ftate  it  is  called 
the  oil  of  Dippely  the  difcaverer  of  it. 

All  oil  expofed  to  much  heat  is  in 
part  decompofed,  and  acquires  a  difa- 
greeable  fmell ;  and  in  this  ftate  it  is  faid 
to  be  empyreujnatic :  but  this  property 
is  ioil  by  repeated  diilillations. 

Befides  the  vegetable  and  animal  oils 
above  defcribed,  there  is  a  foffil  oil 
called  hiiumefiy  the  feveral  kinds  of  which 
differ  much  in  colour  and  confiiience ; 
the  moil  liquid  is  Q2iihdi petroleum^  from 
being  found  in  the  cavities  of  rocks, 
and  the  more  folid  kinds  are  amber^  jet^ 
afphaltum^  ^nd pil-coal.  When  diililled, 
the  principal  component  parts  of  all  thefe 
fubilances  are  an  oil  and  an  acid.  But 
all  fofTil  oil  is  probably  ^f  vegetable  or 
animal  origin,  from  maifes  of  vegeta- 
bles or  animals  long  buried  in  the  earth. 
Their  differences  from  refins  and  other 
oily  matters  are  probably  owing  to  ime; 

the 
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the  combinations  of  mineral  acids  and 
oils  fo  nearly  refembling  bitumens,  the 
principal  difference  being  their  infolu- 
bility  in  fpirit  of  wine. 

That  the  mofl  folid  of  thefe,  as  am- 
!>er,  has  been  formerly  in  a  liquid  flate, 
is  evident,  from  infedls  and  other  fub- 
flances  being  frequendy  found  in  them  j 
and  pit-coal  has  been  often  found  with 
both  the  internal  texture  and  external  ap- 
pearance of  woodj  fo  that  ftrata  of 
pit-coal  have  probably  been  beds  of  peat 
in  fome  former  ftate  of  the  earth. 


LECTURE 
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LECTURE    XIX. 


Of  Solid  Subjiances, 

A.Lh  folid  fubflances  are  capable  of 
becoming  fluid  by  heat,  and  moft  of 
them  may  thereby  be  reduced  into  a  flate 
of  vapour,  or  air ;  and  in  pafTing  from 
a  fluid  into  a  folid  ftate  their  component 
parts  afliime  a  particular  mode  of  ar- 
rangement, called  cryjiallizationi  which 
difl^ers  according  to  the  nature  of  the 
fubilance  i  fo  that  all  folids,  efpecially 
if  they  be  fuffered  to  concrete  flowly, 
may  be  called  cryjlals, 

Excluflve  of  fahsy  which  have  been 
confldered  already,  as  formed  by  the 
union  of  acids  and  alkalis,  folids  in  ge- 
neral have  obtained  the  names  of  earthsy 
orftones,  which  differ  only  in  their  tex- 
ture j  and  they  are  diftinguifhed  into 
thofe  that  arc  mstallizablei   or  thofe  that 

are 
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are  not ;  the  form  r  being  called  ores^ 
and  the  latter  fimply  earths ;  the  princi-» 
pal  of  which  are  the  <:alcareou5y  ftliceous^ 
argillaceousy  magnefia^  terra  ponder ofa^ 
and  a  few  others  which  have  been  dif- 
covered  lately,  but  have  not  been  much 
examined. 


Of  Calcareous  Earth. 

Calcareous  earth  is  found  in  the 
ihells  of  fifhes,  the  bones  of  animals,* 
chalk,  limeflone,  marble,  andgypfum: 
but  all  calcareous  earth  is  fuppofed.to  be 
of  animal  origin  J  and  beds  of  chalk, 
lime-itone,  or  marble,  are  thought  to 
have  been  beds  of  ihells  formed  in  the 
fea,  in  fome  priiline  Hate  of  the  earth. 

The  calcareous  earth  which  Is  found 
in  fhclls,  hme-ftone,  and  marble,  is 
combined  vv^ith  fixed  air,  difcovered  by 
efFervefcing  with  acids.  To  obtain  it 
perfedly  pure,  the  earth  muil  be  pound- 
ed and  wafhcd  v^'ith  water,  in  order  to 
free  it  from  any  faline  fubflance  which 

may 
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may  be  contained  in  it,  then  diflblved 
in  diftilled  vinegar,  and  precipitated  by 
mild  alkalis.  Lime-ilone  expofed  to 
heat  lofes  about  half  its  weight,  in  fixed 
air  and  water,  and  the  remainder,  called 
quick  lime  J  attrads  water  very  power- 
fully, and  their  union  is  attended  with 
much  heat,  after  which  it  diifolves  into 
a  fine  powder  CdXltd  Jlaked  litne.  If  it 
be  left  expofed  to  the  atnioipher^,  it  will 
of  itfelf,  by  gradually  imbibing  moif-. 
ture,  fall  into  the  ftate  of  powder. 

Water  diflblves  about  one  feven  hun- 
dredth part  of  its  weight  of  quick-lime, 
and  is  then  called  lime-water.  Expofed 
to  the  air,  a  crufl  will  be  formed  on  its 
furface,  which  is  found  to  confift  of  cal- 
careous earth  and  fixed  air. 

Lime  and  water  mixed  with  fand 
make  mortar^  by  which  means  different 
ftones  may  be  made  to  cohere  as  one 
mafs,  which  is  the  moft  valuable  ufe  of 
this  kind  of  eardi. 

Calcareous 
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Calcareous  earth,  united  with  vitrio- 
lic acid,  makes  gypfum  3  and  this  fub- 
flance  pounded  and  expofed  to  heat, 
parts  with  its  water,  and  is  then  called 
plaijler  of  Paris,  In  this  ftate,  by  im- 
bibing water  again,  it  becomes  a  firm 
fubftance,  and  thus  is  ufeful  in  making 
moulds,  &c. 

The  earth  of  animal  bones  is  calca- 
reous united  to  the  phofphox^c  acid. 


Of  Siliceous  Earth, 


Siliceous  earth  feems  to  be  formed 
by  nature  from  chalk,  perhaps  by  the 
introdutlion  of  feme  unknown  acid, 
which  the  vitriolic  acid  is  not  able  to  dif- 
lodge.  It  abounds,  in  moft  fubilances 
which  are  hard  enough  to  flrike  fire  with 
fteei,  as  flint,  rocK  cryftal,  and  moil 
frecious  ftones.  It  is  not  a6led  upon  by 
any  acid  except  the  fiuor  and  phofphoric, 
but  efpecially  the  former  5  but  it  is  folu- 
ble  in  alkalis  ;  and  being  then  diflblved 
in  -  water,    makes   liquor  ftlicum,    from 

which 
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which  the  pureft:  filiceous  earth  may  be 
precipitated  by  acids.  For  this  purpofe 
about  four  times  the  weight  of  alkali 
muft  be  made  ufe  of.  With  about  equal 
weights  of  alkali  and  filiceous  fand  is 
made  glafsy  of  fo  great  ufe  in  admitting 
light  and  excluding  the  weather  from 
our  houfes,  as  well  as  for  making  various 
ufeful  utenfils.  To  make  glafs  perfe6Uy 
colourlefs,  and  at  the  fame  time  more 
denfe,  commonly  c^lhdjlmt  glafs,  ma- 
nufadurers  ufe  a  certain  proportion  of 
calx  of  lead  and  manganefe. 

Siliceous  earth  is  not  affeded  by  the 
ftrongefl  heat^,  except  by  means  of  a 
burning  lens,  or  dephlogifticated  air» 


LECTURE 
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LECTURE    XX- 


Of  Argillaceous  Earth. 


.RGiLLACEOus  earth  Is  found  in  clay^ 
fchijfus  or  fiate^  and  in  mica ;  but  the 
pured  is  that  which  is  precipitated  from 
a  folution  of  alum  by  alkalies ;  for  alum 
confifts  of  the  union  of  vitriolic  acid  and 
argillaceous  earth. 

This  fpecies  of  earth  is  duftile  with 
water  j  it  then  hardens  and  contrads  by 
heat,  fo  as  to  be  of  the  greateft  ufe  in 
forming  bricksy  or  flones  of  any  requir- 
ed form  or  fize.  By  means  of  the  pro- 
perty of  clay  to  contrad  in  the  fire, 
Mr.  Wedgwood  has  conftrudted  an  ex- 
cellent thermometer  to  meafure  the  de- 
grees of  extreme  heat. 
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The  dudlility  of  clay  feems  to  depend 
upon  fome  acid,  probably  the  vitriolic, 
adhering-to  iti  for  it  lofes  that  property 
when  it  is  burned  into  a  brick,  but  re- 
covers it  when  it  has  been  again  diflblv* 
cd  in  an  acid. 


Of  ^€rra  Ponderofa. 


Terra  Ponderofay  or  marmor  metallic 
cum,  is  generally  found  in  two  flates, 
viz.  united  to  vitriolic  acid,  when  it  is 
called  caiky  or  to  fixed  air^  wh^n  it  is 
called  I  err  a  ponder  ofa  aerata. 

To  obtain  it  pure  from  its  union  with 
the  vitriolic  acid,  it  mure  be  melted  with 
about  tv^ice  its  weight  of  fixed  alkali; 
which  unites  with  the  acid,  and  form- 
ing a  faline  fubflance,  may  be  wafhed 
out  of  it.  In  this  ftate  it  contains 
water,  and  therefore,  when  expofed  to 
heat,  will  yield  fixed  air;  whereas  the 
terra  ponderofa  aei-ata  will  not  yield 
iixed  air  by  heat  only,  but  when  fleam 

is 
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is  made  to  pafs  over  it  when  red  hot. 
This  proves  that  water  is  effential  to  the 
coiTipofition  of  fixed  air. 

This  (lone  is  diftifiguilhable  by  its 
great  fpeciiic  gravity,  being  four  times 
as  heavy  as  water ;  but  though  in  this  it 
refembles  an  ore^  it  has  not  been  found 
to  be  metallizable, 


Of  Magnefia. 


This  ipecies  of  earth  is  found  inT?^^- 
iiteSy  OY  foap  reeky  Spanijh  chalky  ajhef- 
tus,  and  Mufcovy  talck ;  but  the  pureft 
is  got  by  diflolving  Epfom  fait  (which 
confills  of  this  earth  united  to  the  vitri- 
olic  acid)  and  precipitating  it  by  a  mild 
alkali.  In  this  ftate  it  becomes  united 
to  fixed  air,  v/hich  may  ht  expelled  by 
heat.  It  is  then  calcine dy  or  cauflicy 
but  differs  from  quick-lime  by  not  being 
foluble  in  water. 

AJbefluSi 
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AfieftuSy  which  contains  much  of  this 
kind  of  earth,  is  remarkable  for  not 
being  deftrudible  by  heat,  though  it 
is  fometimes  found  in  flexible  fibres,  fo 
as  to  be  capable  of  being  woven  into 
cloth. 

Mufcovy  talcky  is  remarkable  for  the 
thin  and  tranfparent  flakes  into  which  it 
is  divifible,  and  thereby  capable  of  va- 
rious ufes. 

There  are  fome  other  diflind  fpecies 
of  earth,  particularly  one  brought  from 
Botany  Bay,  and  another  called  Stonti- 
ate^  from  the  place  where  it  was  found 
in  Scotland  3  but  they  have  not  as  yet 
been  much  examined. 

All  ftones  formed  by  nature  are  com- 
pounded, and  to  diftinguifh  them  from 
one  another,  and  afcertain  the  parts  of 
which  they  confift,  is  the  fubjed  of  li- 
thologyy  a  very  extenfive  branch  of 
knowledge. 


AU 
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All  the  fimple  earths  are  nearly, 
if  not  abfolutely,  infuftbki  but  when 
they  are  mixed  they  may  all  be 
fufed. 


LECTURE 
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LECTURE    XXI. 

Of  Ores. 


.ETALLizABLE  carths,  commonly  cal- 
led oresy  when  united  to  phlogiflon, 
make  the  metals,  didinguiiliable  for 
their  fpecific  gravity,  their  opacity, 
fliining  appearance,  and  fufibility. 

All  the  proper  metals  arc  malleahky 
and  thofe  which  are  not  fo  are  called 
femi-metals* 

The  metals  again  are  fubdivided  into 
the  perfe5l  and  imperfe5f.  The  former, 
which  are  goUy  Jtlver^  and  pialina,  fuf- 
fer  no  change  by  fufion,  or  the  iongeft 
continued  heat:  whereas  heat  calcines 
or  diflipates  the  phlogiflon  of  the  im- 
perfect metals,  which  are  mercury ^  leady 
coppery  iroHy  and  tiriy  fo  that  they  re- 
turn 
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turn  to  the  flate  of  earth ;  and  this  earth 
is  always  heavier  than  the  metal,  though 
of  lefs  Ipecific  gravity,  having  received 
an  addition  of  weight  from  water  or 
air:  but  thefe  earths,  or  ores,  being 
expofed  to  heat  in  contadb  with  fub- 
fiances  containing  phlogiiton,  again  be- 
come metals,  and  are  then  faid  to  be 
revived. 

The  fe mi- metals  are  hifmuth,  zinCy 
fiickely  regulus  of  arjenic^  of  cobalt y  of 
antimony^  of  manganefe^  of  wolfram^ 
and  of  molyhdena. 

All  metallic  fubflances  are  cryftalliza- 
ble,  and  each  in  a  peculiar  form,  which 
is  difcovered  by  leaving  a  hole  in  the 
bottom  of  the  crucible  in  which  they 
are  melted,  and  drawing  out  the  Hop- 
per, when  the  mafs  is  beginning  to  lofe 
its  fluidity. 

Some  of  the^tnetals  will  not  unite  to 
others  when  hot,  and  others  of  them 
will ',  and  fuch  as  will  unite  with  others 

are 
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are  coWed  folders.  Thus  tin  is  a  folder 
for  lead,  and  brafs,  gold,  or  filver,  for 
iron. 

Ores  are  never  found  in  regular  ftrata, 
like  the  different  kinds  of  earth  i  but  in 
places  which  have  formerly  been  cavi- 
ties, running  in  all  diredtions,  with  re- 
Iped  to  regular  ilrata,  and  commonly 
called  vems. 

Many  of  the  ores  in  their  natural 
ftate  are  faid  to  be  mineralized  with 
arfenic  or  fulphur,  thofe  fubftances  being 
intimately  united  v/ith  the  metallic 
earths. 

In  order  to  convert  the  ores  into 
metals,  fome  of  them  are  firfl  reduced 
to  powder,  to  waili  out  the  earthy  or 
faline  particles.  They  are  then  kept  in 
a  red  heat,  which  the  workmen  call 
roaftingy  in  order  to  drive  away  the 
arfenic,  or  fulphur,  which  are  volatile  i 
and  in  the  laft  place  they  are  fufed  in 
conta^fc  with  charcoal,  or  other  fubftan- 
ces containing  phlogifton  i  and  to  pro- 
F  mote 
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mote  the  fufion,  Ikne-ftone  is  frequently 
mixed  with  them.  When  the  operation 
is  completed,  the  unmetaliic  parts  are 
converted  into  glafs,  or  fcoria^  which 
lies  on  the  furface,  whereas  the  metal 
is  found  at  the  bottom. 

To  difcover  the  quantity  of  metal  in 
a  fmall  piece  of  ore  is  called  ajfaying. 

When  metals  are  fufed  together,  the 
fpecific  gravity,  fufibility,  and  other 
properties  are  changed,  and  in  fuch  a 
manner  as  could  not  be  difcovered 
from  the  properties  of  the  conftituent 
parts. 


Of  Gold. 


Gold  is  the  heavieft  of  all  metallic 
bodies  except  platina.  It  appears  yel- 
low or  reddifh  by  refleded  light,  but 
green  or  blue  by  tranfmitted  light, 
when  it  is  reduced  to  thin  plates. 


Though 
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Though  gold  undergoes  no  change  in 
a  common  furnace,  or  burning  lens,  it 
may,  in  part,  at  lead,  be  calcined  by  the 
eledlric  Ihock. 

Gold  has  the  greatefl:  duElility^  and  in 
wires  of  equal  diameters,  it  has  the  great- 
eft  tenacity^  of  all  the  metals.  One 
grain  of  it  may  be  made  to  cover  56 
fquare  inches  3  fome  gold  leaf  being  leis 
than  a  200,000th  part  of  an  inch  thick  j 
and  when  it  is  made  to  cover  a  filver  wire, 
the  gold  upon  it  may  not  be  more  than 
one  twelfth  part  of  the  thicknefs  of  the 
gold  leaf 

This  metal  is  foluble  in  aqua  regia  \ 
and  being  precipitated  by  a  volatile  alkali, 
,makes  a  powder  called  aurum  fidminans^ 
which  is  one  fourth  heavier  than  the  gold, 
and  explodes  with  great  violence  in  a 
heat  fomething  greater  than  that  of  bal- 
ing water. 

Tin  precipitates  gold  in  the  form  of  a 

pTarple  powder,    called  the   powder   of 

F  2  ■  C^JJ^u:, 
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CaffiuSy  from  the  inventor  of  it,  and  is 
ufed  in  enamels,  or  the  glafly  coating 
which  is  given  to  metals  by  heat. 

Gold  unites  with  moft  of  the  metals, 
efpecially  with  mercury,  and  thefe  mix- 
tures are  called  amalgams.  In  gilding, 
the  amalgam  is  applied  to  the  furface  of 
the  metal  to  be  gilded,  and  the  mercu- 
ry is  driven  oft  by  heat,  leaving  the 
gold  attached  to  the  furface. 

Gold  mixed  with  iron,  makes  it 
harder,  for  the  purpofe  of  cutting  in- 

ilruments. 

To  feparate  gold  from  the  imperfed 
metals,  fuch  as  copper,  &:c.  it  is  mixed 
with  lead,  and  then  expofed  to  a  flrong 
heat,  which  calcines  the  lead,  and  with 
it  the  imperfed  metals,  leaving  the 
gold  pure.  This  procefs  is  called  cupel- 
latioHy  from  being  performed  in  a  fmall 
crucible  called  a  cupelL  When  the 
gold  is  mixed  with  filver,  three  parts 
more  of  filver  are  put  to  it,  and  then 

the 
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the  filver  is  dilTolved  by  nitrous  acid, 
leaving  tlie  gold  pure.  This  proceis 
is  called  quart ation,  from  the  gold  being- 
one  fourth  part  of  the  mafs. 

The  finenefs  of  gold  is  generally  efti- 
mated  by  dividing  the  gold  into  twenty- 
four  parts,  called  carats.  The  phrafe 
ttvenly-three  carats  fine  means  that  the 
mafs  contains  twenty -three  parts  out  of 
twenty-four  of  pure  gold,  the  remain- 
der being  alloy^  of  fome  bafer  metal. 
The  finenels  of  gold  may  in  fome  mea- 
fure  be  difcovered  by  the  colour  it 
leaves  upon  a  touch-Jione^  or  fine-grain- 
ed bafaltes* 

Gold  is  generally  found  nearly  pure, 
but  mixed  with  earth,  or  diffufed  in  fine 
grains  through  ftones, 
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LECTURE    XXII. 


Of  Silver. 


iLVER  IS  the  whiteH  of  all  the  metals, 
very  dudile,  but  lefs  fo  than  gold  -,  the 
thinnefl  leaves  of  it  being  one  third 
thicker  than  thofe  of  gold.  It  is  not 
calcined  in  the  heat  of  a  common  fur- 
nace, but  partially  fo  by  repeated  fufion, 
or  a  ilrong  burning  lens. 

Sulphureous  fumes  unite  with  filver^^ 
and  tinge  it  black.  The  nitrous  acid 
diiTolves  it,  and  will  hold  more  than  half 
its  weight  of  it  in  folution.  When  fully 
faturated,  this  folution  depolits  cryftals, 
which  are  called  lunar  nitrcy  or  nitre  of 
fiver,  V/hen  thefe  cryiials  are  melted, 
and  the  water  they  contain  driven  oft,  a 
black  fubdancc,  called  lapis  injernalis^ 
or  lunar  cauftiiy  is  formed!   This  is  ufed 

as 
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as  a  cautery  in  furgery.  A  ftrong  heat 
will  decompofe  this  lunar  nitre,  and  re- 
cover the  filver. 

Though  the  nitrous  acid  diflblves 
filver  the  moft  readily,  the  marine  acid 
will  deprive  the  nitrous  of  it,  and  form 
a  fubflance  called  luna  cornea,  becaufe, 
when  it  is  melted  and  cold,  ic  becomes 
a  traniparent  mafs  fomething  refembling 
born.  From  this  luna  cornea  the  pureft 
fiiver  may  be  obtained.  The  vitriolic 
acid  will  likewife  deprive  the  nitrous  of 
the  filver  contained  in  it,  and  form  a 
white  powder,  not  eafily  foluble  in 
water, 

A  fulminating  filver  may  be  made  by 
the  following  procefs:  the  filver  mud 
firft  be  diffolved  in  pale  nitrous  acid, 
then  precipitated  by  lime-water,  dried, 
and  expofed  to  the  air  three  days.  It 
muft  then  be  waihed  in  cauflic  volatile 
alkali,  after  which  the  fluid  m.ull  be 
decanted^  and  the  black  powder  left  to 
dry  in  the  air.  The  flighted  fridlion 
will  caufe  this  powder  to  fulminate.  It 
F  4  is 
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is  faid,  that  even  a  drop  of  water  falling 
upon  it  will  produce  this  efFed  j  fo  that 
it  ought  to  be  made  only  in  very  fmall 
quantities,  and  managed  with  the  great- 
eft  caution. 

Mofl:  of  the  metals  precipitate  filver. 
That  by  mercury  may  be  made  to  afiume 
the  form  of  a  tree,   called  arbor  Diance, 

Silver  is  lY)und  nati^^e  in  Peru  5  and 
the  ores  frequently  contain  fulphur^  or 
arfenic,  or  both. 


Of  PI  at  in  at 

Platina  is  a  metal  lately  difcovered 
in  tlie  gold  mines  of  Mexico,  where  it 
is  found  in  fmall  pardcles,  never  exceed- 
ing the  fize  of  a  pea,  mixed  with  fer- 
ruginous fand  and  quartz. 


The  ftrongeft  fire  will  not  melt  thefc 
grains,  though  it  will  make  them  co- 
here ;  but  they  may  be  mielted  by  a 
burning  lens,  or  a  blow-pipe  fupplied 
with  dephlogifticated  air. 

Pure 
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Pure  platina  is  the  heavieft  body  in 
nature,  its  fpecific  gravity  exceeding 
twenty-two.  It  is  very  malleable, 
though  confiderably  harder  than  gold 
or  filver,  and  has  the  property  of  weld- 
ing in  common  with  iron.  This  metal 
is  not  affedled  by  expofure  to  the  air,  or 
by  a-ny  fmiple  acid, .  though  concentra- 
ted and  hot]  but  it  is  diiTolved  by  de^ 
-phlogiflicated  marine  acid^  and  by  aqua 
regia,  in  w^hich  a  little  nitrous  air  is  pro- 
cured. The  foludon  is  brown,  and  when 
diluted  yellow.  This  liquor  is  vei-y  cor- 
rofive,  and  tinges  animal  fubftances  of 
a  blackifh  brown  colour.  Plarina  is  pre- 
cipitated from  a  foludon  in  aqua  regia 
by  fal-ammoniac,  as  gold  is  by.  martial 
vitriol.  Iron  is  precipitated  from  this 
folution  by  the  PrulTian  alkali.  Alfo  ^ 
moil  of  the  metals  precipitate  platina,  ^ 
but  not  in  its  metallic  flate, . 

Arfenic  faciiides  the  folutaton  of  pla- 
tina i  and  by  melting  it  with  equal  parts 
of  arfenic  and  vegetable  alkali,  and 
then  reducing  the  mafs  to  a  powder,  it 
may  be  made,  to  take  any  form  -,  and  a 
F5-  ftrong 
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flrong  heat  will  dilTipate  the  arfenic  and 
the  alkali,  leaving  the  platina  in  the  fhape 
required,  not  fufible  by  any  heat  in  a 
common  furnace. 

Platina  does  not  readily  combine 
with  gold  or  filvcr,  and  it  refifts  the 
adlion  of  mercury  as  much  as  iron ;  but 
it  mixes  well  with  lead,  making  it  lefs 
du6lile,  and  even  brittle,  according  to 
the  proportion  of  the  platina.  With 
copper  it  forms  a  compound  which  takes 
a  beautiful  polifh,  not  liable  to  tarnifli, 
and  is  therefore  ufed  with  advantage  for 
mirrors  of  rePiedling  telefcopes.  It  unites 
eafily  with  tin,  and  alio  with  bifmuthj 
antimony,  and  zinc. 


LECTURE 
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LECTURE    XXIII. 

Of   Mercury. 

ERcuRY  is  the  moft  fufible  of  all 
the  metals,  not  .  becoming  folid  but 
in  40°  below  o  in  Fahrenheit's  ther- 
mometer. It  is  then  maileab:e.  It 
is  heavier  than  any  other  metal  ex- 
cept gold  or  platina.  '  It  is  volatile 
in  a  temperature  much  lower  than  that 
of  boiling  water,  arid  in  vacuo  in  the 
common  temperature  of  the  atmof- 
phere;  and  at   fix   hundred  it   boils. 

In  a  degree  of  heat  in  which  it 
would  rife  eafily  in  vapour,  mercury 
imbibes  pure  air,  and  becomes  a  red 
calx,  called  precipitate  per  fe.  At  a 
greater  degree  of  heat  it  parts  with 
that  air,  and  is  running  mercury  again. 

Mercury  is  not  perceptibly  altered 
by  expofure  to  the  air. 

Mercury 
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Mercury  is  aded  upon  by  the  vi- 
triolic acid  \^hen  hot.  In  this  procefs 
vitriolic  acid  air  is  procured,  and  the 
mercury  is  converted  into  a  white 
fubftance,  which  being  dipped  in  wa- 
ter becomes  yellow,  called  turhith  mi- 
neral,  one  third  heavier  than  the  mer- 
cury from  which  it  was  made.  By 
heat  this  fubftance  parts  with  its  pure 
air,  and  becomes  running  mercury; 
but  if  the  procefs  be  made  in  a  clean 
earthen  veiTel,  there  will  remain  a 
portion  of  red  calx^  which  cannot  be 
reduced  by  any  degree  of  heat,  ex- 
cept in  conta£b  with  fome  fubftance 
containing  phlogifton.  If  this  be  done 
with  a  burning  lens,  in  inflammable 
air,  much  of  the  air  will  be  abforb- 
ed. 

Mercury  is  diffolved  moft  readily  in 
the  nitrous  acid,  when  the  purefl  ni- 
trous air  is  procured;  and  there  re- 
mains a  fubftance  which  is  firft  yellow^ 
and  by  continuance  red,  called  red 
predpitat-.  In  a  greater  degree  of 
heat  the   dephlogifticated  air  will   be 

recovered. 
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recovered,  and  the  mercury  be  re- 
vived; but  the  fubftance  yields  nitrous 
air  after  it  becomes  folid,  and  till  it 
changes   from  yellow  to  red. 

The  precipitates  of  mercury  from 
acids  by  means  of  alkalis  polTefs  the 
property  of  exploding,  when  they  are 
expofed  to  a  gradual  heat  in  an  iron 
fpoon,  after  having  been  triturated 
with  one  fixth  of  their  weight  of  the 
flowers  of  fulphur.  The  refiduum  con- 
fifts  of  a  violet- coloured  powder,  which, 
by  fublimation,  is  converted  into  cin- 
nabar. 

It  feems,  therefore,  as  if  the  fulphur 
combined  fuddenly  with  the  mercury, 
and  expelled  the  dephlogifticated  air  in 
an  elaftic  ftate. 

The  marine  acid  feizes  upon  mer- 
cury diflblved  in  nitrous  acid,  and  if 
the  acid  be  dephlogifticated,  the  pre- 
cipitate is  corrofive  fublimate ;  but  with, 
common  marine  acid,  it  is  called  ca^ 
lomcl,  or  msrcurius  dulcis.  This  pre- 
paration 
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paration  is  generally  made  in  the  diy 
way,  by  triturating  equal  parts  of  mer- 
cury, common  fait  and  vitriol,  and 
expofmg  the  whole  to  a  moderate 
heat;  when  the  corrofive  fublimate 
rifes,  and  adheres  to  the  upper  part 
of  the  glafs  veiTel  in  which  the  pro- 
cefs   is    made. 

Mercury  combines  readily  with  ful- 
phur  by  trituration,  and  with  it  forms 
a  .black  pov,'der  called  Ethiops  mineral, 
A  m,ore  intimate  combination  of  mer- 
cury and  fulphur  is  made  by  means 
of  fire.  This  is  called  cinnabar^  about 
one  third  of  which  is  fulphur.  Ver- 
millicjft  is  cinnabar  reduced  to  powder. 

Mercury  readily  unites  with  oil,  and 
with  it  forms  a  deep  black  or  blue 
compound,   ufed  in  medicine. 

It  readily  combines  with  moft  of 
the  metals,  and  when  it  is  ufed  in  a 
fuincient  quantity  to  make  them  foft, 
the  mixture  is  called  an  amalgam.  It 
combines  moil  readily  with  gold,  fi2- 

ver» 
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ver,  lead,  tin,  bifmuth,  and  zinc. 
Looking-glafles  are  covered  on  the 
back  with  an  amalgam  of  mercury 
and   tin.  '  / 

When  mercury  is  united  with  lead 
or  other  metals,  it  is  rendered  leis 
brilliant  and  lefs  fluid  -,  but  agitation  in 
pure  air  converts  the  impure  metal  in- 
to a  calx,  together  with  much  of  the 
mercury,  in  the  form  of  a  black  pow- 
der. 

Heat  recovers  the  pure  air,  and  the 
mercury,  leaving  the  calx  of  the  im^ 
pure   metal. 

Much  mercury  is  found  native  ia 
a  flaty  kind  of  earth,  or  in  mafles  of 
clay  or  ftone ;  but  the  greateft  quan- 
tity is  found  combined  with  fulphur 
in  native  cinnabar. 


LECTURE 
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LECTURE    XXIV, 

Of  Lead, 

EAD  is  a  metal  of  a  bluifli  tinge, 
of  no  great  tenacity,  but  very  confi- 
derable  fpecific  gravity,  being  heavier 
than  filver.  It  melts  long  before  it 
is  red  hot,  and  is  then  calcined,  if  it 
be  in  contadl  with  refpirable  air.  When 
boiling  it  emits  fumes^  and  calcines 
very  rapidly.  It  may  be  granulated 
by  being  poured  into  a  wooden  box, 
and  agitated.  During  congelation  it 
is  brittle,  fo  that  the  parts  will  fepa- 
rate  by  the  flroke  of  a  hammer  ^  and 
by  this  means  the  form  of  its  cryftals 
may  be   difcovered^ 

In  the  progrefs  of  calcination  it  firft 
becomes  a  duiky  grey  powder,  then 
yellow,  when  it  is  called  jnal/icot ;  then,, 
by  imbibing  pure  air,  it  becomes  red, 
and  is  called  minium^  or  red  lead*  In 
a  greater  d<?gree  of  heat  it   becomes 

maflicot 
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maflicot  again,  having  parted  with  its 
pure  air.  If  the  heat  be  too  great, 
and  applied  rapidly,  it  becomes  a  flaky 
fubflance,  called  litharge-,  and  with 
more  heat  it  becomes  a  glafs^  which 
readily  unites  with  metallic  calces  and 
earth,  and  is  a  principal  ingredient 
in  the  manufacture  o^  flint  glafs,  giv- 
ing it  its  peculiar  denfity  and  refrac- 
tive power. 

Though  lead  foon  tarniihes,  the  im- 
perfed  calx  thus  made  does  not  fepa- 
rate  from  the  reft  of  the  metal,  and 
therefore  protedls  it  from  any  farther 
adtion  of  the  air,  by  which  means  it 
is  very  ufeful  for  the  covering  of 
houfes,  and  other  fimilar  purpofes. 
All  acids  a6b  upon  lead,  and  form 
with  it  different  faline  fubftances.  White" 
kad  confifts  of  its  union  with  vinegar 
and  pure  air.  Alfo  diflblved  in  vine- 
gar, and  cryftallized,  it  h^comts  fugar 
of  lead y  which,  like  all  the  other  pre- 
parations of  this  metal,  is  a  deadly 
poifon. 

Oils 
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Oils  difTolve  the  calces  of  lead, 
which,  by  this  means,  is  the  bafis  of 
paints,  plaifters,  &c. 

By  means  of  heat  litharge  decom- 
pofes  common  fait,  the  lead  uniting 
with  the  marine  acid,  and  forming  a 
yellow  fubilance,  ufed  in  painting,  and 
by  this   means  the   foffil  alkali  U  fe- 

*.^A 

aiatcta* 

Lead  unites  with  moft  metals,  though 
not  with  iron.  Two  parts  of  lead 
and  one  of  tin  make  a  Joider^  which 
melts  with  lefs  heat  than  either  of  the 
metals  fcparately;  but  a  compofition 
of  eight  parts  of  bifmuth,  five  of  lead, 
and  three  of  tin,  makes  a  metal  which 
melts  in  boiling  water. 

This  metal  will  be  diiTolved  by  wa* 
ter  if  it  contain  any  faiine  matter,  and 
the  drinking  of  it  occalions  a  peculiar 
kind   of  cholic. 

Lesd    is    fometimes    found   native/- 
buL  generally  minerally  mineralized  with 

fulphur 
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fulphur  or  arfenic,    and  often  mixed 
with  a  fmall  quantity  of  filver. 


Of  Copper^ 

Copper  is  a  metal  of  a  reddifh  or 
brownifh  colour,  confiderably  fonor* 
ous>  and  very  malleable. 

At  a  heat  far  below  ignition,  the 
furface  of  copper  becomes  covered 
with  a  range  of  prifmatic  colours, 
the  commencement  of  its  calcination; 
and  with  more  heat  a  black  fcale  is 
formed,  which  eafily  feparates  from 
the  metal,  and  in  a  ftrong,  heat  it 
melts,  and  buni$  with  a  bluilli  greea 
flame. 

Copper  rufls  by  expofure  to  the 
air  J  but  the  partially  calcined  furface 
adheres  to  the  metal,  as  in  the  cafe 
of  lead,  and  thus  preferves  it  from' 
farther  corrofion. 

Copper 
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Copper  difTolved  in  the  vitriolic  acid 
forms  cryilals  of  a  blue  colour,  called 
blue  copperas.  From  this  folution  it- 
is  precipitated  by  iron,  which  by  this 
means  becomes  coated  with  copper. 
The  nitrous  acid  difToives  copper  with 
mofl  rapidity,  producing  nitrous  air,. 
If  the  folution  be  diftilled,  almofl  all 
tlie  acid  will  be  retained  in  the  re- 
fiduum,  which  is  whiter  but  more' 
heat  will  expel  the  aciJ,  chiefly  in 
the  form  of  dephiogiflicated  air,  and 
the  remainder  will  be  a  black  fub- 
ftance,  confiding  of  the  pure  calx  of 
copper.  The  vegetable  acids  diffolve 
copper  as  well  as  the  mineral  ones>, 
which  makes  the  ufe  of  this  metal  for 
culinary  purpofes  in  fome  cafes  dan- 
gerous. To  prevent  this  they  give  it 
a  coat  of  tin.  The  folution  of  cop- 
per in  the  vegetable  acid  is  called 
verdigris. 

Alkalis  diffolve  copper  as  well  as 
acids.  With  the  vol  i tile  alkali  a  blue 
liquor  is  formed,  but  in  fome  cafes 
it   becomes    colourlefs.     Ail  the   cir- 

cumftances 
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cumftances  of  this  change  of  colour 
have  not  yet  been  examined.  Both 
oil  and  fulphur  will  difTolve  copper, 
and  with  the  latter  it  forms  a  blackifh 
grey  compound,   ufed  by  dyers. 

Copper  readily  unites   with   melted 
tin,  at  a  temperature  much  lower  than 
that   which    is    neceflary   to  melt  the 
copper  i  by  which  means   copper  vef- 
fels  are  eafily  covered  with   a  coating 
of  tin.     A  mixture  of  copper  and  tin, 
called   bronzey  the    Ipecific    gravity   of 
which  is  greater  than  that  of  the  me- 
dium   of    the   two    metals,    is  ufed  in 
calling    ftatues,    cannon,    and     bells; 
and  in  a  certain  proportion  this  mix- 
ture  is   excellent   for   the   purpofe    of 
mirrors  of  refleding  teefcopes,  receiv- 
ing  a   fine   polifh,  and  not  being  apt 
to   tarniih.      Copper  and  arienic  make 
a    brittle    compound    called    iomuach^ 
and  with  zinc  it  makes  the  ufcfui  com- 
pound commonly  called  hrafs^   in  which 
zinc  is  about  one  caird  of  its  v/eigrit. 

Copper 
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Copper  is  fometimes  found  native; 
but  commonly  mixed  with  fulphur, 
in  ores  of  a  red,  green,  or  blue  co-^ 
lour. 

Copper  being  an  earlier  difcovery 
than  that  of  iron,  was  formerly  ufed 
for  weapons  and  the  Ihoeing  of  horlcs ; 
and  the  ancients  had  a  method,  with 
which  we  are  not  well  acquainted, 
of  giving  it  a  confiderable  degree  of 
hardnefs,  fo  that  a  fword  made  of  i% 
might  have  a  pretty  good  edge. 


LECTURE 
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LECTURE    XXV. 


Of  Iron, 

JLron  is  a  metal  of  a  bluifh  colour,  of 
the  greateft  hardnefs,  the  moft  variable 
in  its  properties,  and  the  moft  ufeful  of 
all  the  metals ,  fo  that  without  it  it  is 
hardly  poflible  for  any  people  to  make 
great  advances  in  arts  and  civilization. 

This    metal  readily  parts   with    'ts 

phlogifton,  fo  as  to  be  very  fubjedt  to 

calcine,   or  ruft,  by  expolure  to  the  aii% 

The  lame  is  evident  by  the  colours  which 

.appear  on  its  furface  when  expofed  to 

heat,  and   alfo  when   it  is  ftruck  with 

flint  i   the  pardcles  that  fly  from  it  being 

iron  partially  calcined.     In  confequence 

of  its  readily  parting  with  its  phlogifton, 

it  is  capable  of  burning,  like  wood  or 

other  fiieli  in  pure  air. 

Iron 
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Iron  and  platina  have  the  property  of 
welding  when  very  hot,  fo  that  two 
pieces  may  be  joined  without  any  folder. 

When  iron  is  heated  in  contadl  with 
lleam,  part  of  the  water  takes  the  place 
of  the  phlogifton,  while  the  reft  unites 
with  it,  and  makes  inflammable  air, 
B  ythis  means  the  iron  acquires  one  third 
more  weight,  and  becomes  what  is  called 
finery  cinder.  This  fubftance,  heated  in 
inflammable  air,  imbibes  it,  parts  with 
its  water,  and  becomes  perfe6t  iron  again. 
If  the  iron  be  heated  in  pure  air,  it  alfo 
imbibes  the  water,  of  which  that  air 
chiefly  confifts,  and  alfo  a  portion  of  the 
peculiar  element  of  the  pure  ah:. 

The  folution  of  iron  in  fpirit  of  vi- 
triol produces  green  ^copperas  3  whi  ch  be- 
ing calcined,  becomes  a  red  fubftance, 
called  colcothar. 

The  precipitate  of  iron,  by  ah  infu- 
fion  of  galls,  is  the  colouring  matter 
in  ink^  which  is  kept  fufpended  by  means 
of    gum.     The  •  precipitate    from   the 

fame 
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fame  folution   by   phlogirticated  alkali, 
is  FruJJian  blue. 

Water  faturated  with  fixed  air  dif- 
folves  iron,  and  makes  a  pleafant  cha~ 
lybeat. 

The  calx  of  iron  gives  a  green  co- 
lour to  glafs. 

Iron  readily  combines  widi  ililphiu'. 
When  they  are- found  combined  by  na- 
ture;,  the  fubftance  is  called  pyrites. 

The  union  -of  pholphoric  acid  widi 
iron  makes  it  britde  when  cold,  com- 
monly called  coldJhort\  and  the  union 
of  arfenic  makes  it  britde  wlien  hotj 
thence  called  red  Jhorl. 

Iron  unites  with  gold,  nl/erj  and 
platina,  and  plunged  in  a  v/hice  heac 
into  mercuiyj  it  becoiiies  ccated  with 
it;  and  if  the  procefs  be  frequently  re- 
peated, it  will  become  bii:tle,  which 
ihews  that  there  is  ibnie  injiaal  aflion 
between  them. 
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:Iron  readily  unites  with  tin ;  and  by 
dippi  r.g  thin  plates  of  iron  into  melted 
tin,  they  get  a  complete  coating  of  it, 
and  make  the  tinned  ^/^/i?j  in  common 
ufe. 

When  crude  iron  comes  from  the 
fmelting  furnace  it  is  brittle  -,  and  when 
it  is  white  v/ithin,  it  is  extremely  hard 3 
but  when  it  has  a  black  grain,  owing  to 
its  having  more  phlogifton,  it  is  fofter, 
and  may  be  filed  and  bored. 

Caft  iron  becomes  malleable  by  being 
expofed  to  a  blaft  of  air  when  nearly 
melting ;  the  confequence  of  which  is 
a  difcharge  of  inflammable  air,  and  the 
reparation  of  a  liquid  fubfbnce,  which, 
when  concreted,  is  CdWtd  finery  cinder. 
The  iron  generally  lofes  one  fourth  of 
its  weight  in  the  procefs.  Crude  iron 
contains  vci\!Lc\i;piufnbagOj  and  the  accels 
of  pure  air  probably  alTifts  in  difcharging 
it,  by  converting  it  into  air,  chiefly 
inflammable. 

Malleable 
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Malleable  iron,  expofed  to  a  red  heat 
in  contaft   with  charcoal,  called  cemen- 
tation,    converts  it  into  fteel,    which  has 
the  properties  of  becoming  much  harder 
than  iron,    and  very  elaftic,  by  being  firft 
made  very  hot,  and  then  fuddenly  cool- 
ed,  by  plunging  it  in  cold  water.     By 
firft  making  it  very  hard,  and  then  giv- 
ing different  degrees  of  heat,    and  cool- 
ing it  in  thofe  different  degrees,    it  is 
capable  of  a   great  variety   of  tempers^ 
proper  for  different  ufes.  Of  the  degrees 
of  heat  workmen  judge  by  the  change 
of  colour   on  its  furface,     Steeij  Jikc 
crude  iron,  is  capable  of  being  melted 
\\^thou^  iofing  its  properties.    It  is  then 
called  cajl  ft  eel ^  and  is  of  a  more  uniform 
texture.    Iron  acquires  fome  litde  v/eigh,i: 
by  being  converte.d  into  fteel ;  and  when 
diffolved  in  acid,    it  yields  more  plum- 
bago.    Steel  has  fome  thing  lefs  fptcific 
gravity  than  iron.     If  the   cementation 
be  continued  too  long,  the  Heel  acquires 
a   darkilh  fracture,    it  is    more  fufible, 
and  incapable  of  welding.      Steel   heat- 
ed in  contact  v^ith  earii^y    matters,    is 
reduced  to  iron, 

•G   2  Iron 
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Iron  is  the  only  fubflance  capable  of 
magnstifm  \  and  hardened  fteel  alone  is 
capable  of  retaining  magnetifm.  The 
loadfcone  is  an  ore  of  iron. 


LECTURE 
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LECTURE    XXVL 


Of  Tin. 

A  IN  is  a  metal  of  a.fiightly  yeilowilli 
call,  though  harder  than  kad,  very 
maileable,  but  of  ntJ  great  tenacity;  fo 
that  wires  cannot  be  made  of  it.  Ic  ea- 
fily  extends  under  the  hammer,  and 
plates  of  it,  called  tinfoil^  are  made  only 
one  thoufandth  part  of  an  inch  thick, 
and  might  be  made  as  thin  again. 

Tin  has  lefs  fpecific  gravity  than  any 
other  metal.  It  melts  long  before  igni- 
tion, at  410  of  Fahrenheit,  and  by  the 
continuance  of  heat  is  (lowly  con ve  reed 
into  a  white  powder,  which  is  tht  chief 
ingredient  in  puttyy  ufed  in  poliming, 
&c.  Like  lead,  it  is  brittle  when  heated 
a  little  fhort  of  fufion,  and  may  be  re- 
duced into  grains  by  agitation  as  it  pafies 
from  a  fluid  to  a  folid  ftate. 

G  ^  The 
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The  calx  of  tin  refills  fufion  more 
than  that  of  any  other  metal,  which 
makes  it  ufeful  in  making  an  opaque 
white  enamel. 


Tin  lofes  its  bright  furface  wjien  ex- 
pofed  to  the  air,  but  is  not  properly 
fubje6t  to  ruft  3  fo  that  it  is  ufeful  in  pro- 
testing  iron  and  other  metals  from  the 
effedts  of  the  atmolphere. 

Concentrated  vitriolic  acid,  affifted 
by  heat,  diflbives  half  its  weight  of  tin, 
and  yields  vitriolic  acid  air.  With  rnore 
water  it  yields  inflammable  air.  During 
the  folution,  the  phlogifron  of  the  tin 
uniiing  with  the  acid,  forms  fulphur, 
which  makes  it  turbid.  By  long  {land- 
ing, or  the  addition  of  water,  the  calx 
of  tin  is  precipitated  from  the  folution. 
The  nitrous  acid  dilTolves  tin  very  rapid  ■ 
ly  without  heat,  and  yields  but  little  ni- 
trous air.  With  marine  acid  this  met^l 
yields  inflammable  air.  With  aqua  regia 
it  affumes  the  form  of  a  geladnous  fub- 
ftance  ufed  by  dyers  to  heighten  the  co« 
lour  of  fome  red  tindlures,  fo  as  to  pro- 
duce a  bright  fcarlet  in  dying  wool. 

A  tranf- 
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A  tranfparent  liquor,  which  emits 
very  copious  ^fumes,  called,  from  the 
inventor,  the  fmoaking  liquor  of  Liha~- 
'vius,  is  made  by  diililling  equal  parts  of 
amalgam  of  tin  and  mercury  with  cor- 
rofive  fublimate,  triturated  together.  A 
colourlefs  Ivquor  comes  over  firil:,  and- 
then  a  thick  white  fume,  which  con- 
denfes  into  the  tranfparent  liquor  abo/e 
mentioned.  M.  Adet  has  fnewn,  that 
'this  liquor  bears  the  fame  relation  to 
the  common  folution  of  tin,  that  cor- 
rofive  fublimate  does  to  calomel,  and 
has  given  an  ingenious  folution  of  many 
of  its  properties. 

Tin  detonates  with  nitre  -,  and  if  the 
cryftals  made  by  the  folution  of  copper 
in  the  nitrous  acid  be  inclofed  in  tinfoil, 
nitrous  fumes  will  be  emitted,  and  the 
whole  will  become  red  hot.  Alfo  if 
five  times  its  weight  of  fulphur  be  ad- 
ded to  melt  dn,  a  black  brittle  com- 
pound, which  readily  takes  fire, .  will  be 
formed. 

G  4  Another 
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Another  combination  of  tin,  fulphur, 
and  mercury,  makes  a  light  yellow  fub- 
ftance,  called  aurum  mujivmiy  ufed  in 
painting. 

Tin  is  the  principal  ingredient  in  the 
compoiition  of  pewter^  the  other  ingre- 
dients being  lead,  zinc,  bifmuth,  and 
copper,  each  pewterer  having  his  pecu- 
liar receipt.  It  is  alfo  ufed  in  coating 
copper  and  iron  plates,  and  in  filvering 
looking-gkifes,  befides  being  caft  into 
a  variety  of  forms,  when  it  is  called 
klock  tin. 

Tin  is  fbmedmes  found  native,  but 
is  generally  mineralized  with  fulphur 
and  arfcnic.  The  latter  is  thought  to 
be  always  contained  in  tin,  and  to  be 
the  caufe  of  the  crackling  noife  made 
by  bending  plates  of  it. 


Of 
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Of  the  Semi-metals, 


Bismuth  is  a  femi-metal  of  a  ydlow- 
iili  or  reddiili  call,  but  little  fubjed  to 
change  in  the  air,  harder  than  lead, 
but  eafily  broken^,  and  reducible  to 
powder.  When  broken  it  exhioits 
large  lliining  facets,  in  a  variety  of 
pofitions.  Thin  pieces  of  it  are  coa- 
fiderably  fonorous. 


Bidnuth  melts  at  about  \6o'  of  Fah- 
renheit. \Vith  more  heat  it  ignites, 
and  burns  with  a  flight  blue  flame, 
while  a  yellow  calx,  called  fioivers  of 
hifmuth,  is  produced.  With  more  heat 
it  becomes  a  greenilli  glafs.  In  a  fcrong 
heat,  and  in  clofe  veiTeis,  this  metal 
fublimes. 

Vitriolic  acid,  even  concentrated  and 

boiling,   has  but  little  effed  upon   bif- 

G  5  mudis 
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muth ;  but  the  nitrous  acid  ads  upon  it 
with  the  greatefl  rapidity  and  violence, 
producing  much  nitrous  air,  mixed  with 
phlogiflicated  nitrous  vapour.  From 
the  folution  of  bifmuth  in  this  acid, 
a  white  fubilance,  called  magijlery  of 
lifmuth^  is  precipitated  by  the  afFufion 
of  water.  This  has  been  ufed  as  a 
paint  for  the  fkin,  but  has  been  thought 
to  injure  it. 

The  marine  acid  does  not  readily  a6b 
upon  bifmuth  -,  but  when  concentrated, 
it  forms  with  it  a  faline  combination, 
which  does  not  eafily  cryilallize,  but 
may  be  fublimed  in  the  form  of  a  loft 
fufible  fait,   called  hitter  of  biftnutb, 

Bifmuth  unites  with  moil  metallic  fub- 
ilances,  and  in  general  renders  them 
more  fufible.  When  calcined  with  the 
imperfecb  metals,  it  unites  with  them, 
and  has  the  fame  efFed  as  lead  in  cupel- 
lation. 

Bifmuth 
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Bifmuth  is  uled  in  the  compofition  of 
pewter,  in  printers'  types,  and  other 
metallic  mixtures. 

This  metal  is  fometimes  found  native, 
but  more  comm.only  mineralized  with 
fulphur. 


IXCTURE 
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Lecture   xxvil 


Of  Nickel 


iCKEL  is  a  femi-metal  of  a  reddifh 
Cifl^  of  great  hardne fs^  and  always  mag- 
nc^ticali  on  which  account  it  is  fuppofed 
to  contain  iron,  though  chemiils  have 
not  ytt  been  able  to  feparate  them. 

The  pureil  nickel  is  fb  infufible  as 
not  to  run  into  a  mafs  in  the  flrongeft 
heat  of  a  fmith's  forge ;  but  then  k  is 
in  fome  degree  malleable; 

Concentrated  acid  of  vitriol  only  cor- 
rodes nickel.  Alkalis  precipitate  it 
from  its  folution  in  the  nitrous  acid,  and 
difTolve  the  precipitate.  It  readily  unites 
with  fulphur. 

Nickel 
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Nickel  is  found  either  native  or  mi- 
neralized with  feveral  other  metals, 
efpecialiy  with  copper,  when  it  is  cal- 
led kupfer  nickel^  or  falfe  copper^  being 
of  a  reddifh  or  copper  colour. 

This  femi-metal  has  not  yet  been  ap- 
plied to  any  ufe. 


Of  Arfenic. 


What  is  commonly  called  arfeinc  Is 
the  calx  of  a  femi-metal  called  the  re^ 
giilus  of  arfenic.  It  is  a  white  and  brit- 
tle fubftance,  expelled  from  the  ores  of 
feveral  metals  by  heat.  It  is  then  re-» 
fined  by  a  fecond  fublimation,  and  melt- 
ed into  the  malTes  in  which  it  is  com- 
monly fold.  This  calx  is  foluble  in 
about  eighty  times  its  weight  of  cold 
water,  or  in  fifteen  times  its  weight 
of  boiling  water.  It  a6ls  in  many  re- 
fpedts  like  an  acid,  as  it  decompofes 
nitre  by  diftiUacionp  when  the  nitrous 

acid 
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acid  fli£s  ofF,  and  the  arfcnical  fait  of 
Macquer  remains  behind. 

When  the  calx  of  arfenic  is  diftilled 
with  fulphur,  the  vitriolic  acid  flies  off, 
and  a  fubllance  of  a  yellow  colour,  cal- 
led orpiment,  is.  produced.  This  ap- 
pears to  confill  of  fulphur  and  the  re- 
gulus  of  arfenic ;  part  of  the  fulphur 
receiving  pure  air  from  the  calx,  to 
which  it  communicates  phlogifton  j  and 
tluis  the  fulphur  becomes  converted  into 
vitriolic  acid,  while  the  arfenical  calx  is 
reduced,  and  combines  with  ihz  reft  of 
die  fulphur. 

The  combination  of  fulpkrir  and  arfe- 
nic, by  melting  them  together,  is  of 
a  red  colour,  known  by  the  name  of 
realgaly  or  realgar.  It  is  lefs  volatile 
tlian  orpiment. 

The  folution  of  fixed  alkali  dillblves 
the  calx  of  arfenic,  and  by  means  of 
heat  a  brown  tenacious  mafs  is  pro- 
duced, and  having  alfo  a  difagreeable 
fmell,  it  is  called  liver  of  arfenic. 

The 
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The  regulus  of  arfenic  is  of  a  yellow 
colour,  fubje6t  to  tarnifh  or  grow 
black,  by  expofure  to  the  air,  very 
brittle,  and  of  a  laminated  texture.  In 
clofe  vefTels  it  wholly  fublimes,  but 
burns  with  a  fmall  flame  in  pure  air. 

Vitriolic  acid  has  little  a6l:ion  upon 
this  femi-metal,  except  when  hot]  but 
the  nitrous  acid  ads  readily  upon  it,  and 
like  wife  difiblves  the  calx,  as  does  boil- 
ing marine  acid,  though  it  afFeds  it 
very  little  when  cold. 

Moft  of  the  metals  unite  with  the  re- 
gulus of  arfenic, 

Dephlogifticated  marine  acid  con* 
verts  the  calx  of  arfenic  into  arfenical 
acid  by  giving  it  pure  air. 

The  acid  of  arfenic  ads  more  or 
lefs  upon  all  metals,  but  the  pheno- 
mena do  not  appear  to  be  of  much 
importance, 

^  Jhe 
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The  calx  of  acid  is  ufed  in  a  variety 
of  the  arts,  efpeciaily  in  the  manufac- 
tory of  glafs.  Orpiment  and  realgar 
are  ufed  as  pigments.  Some  attempts 
have  been  made  to  introduce  it  into  me- 
dicine, but  being  dangerous,  the  expe- 
riments (liould  be  made  widi  caution.- 


Of  CohaU. 


Cobalt  is  a  femi- metal  of  a  grey  or 
Reel  colour,  of  a  clofe-grained  fra61ure, 
more  difncult  of  ililion  than  copper, 
not  eafly  calcined.  It  ibon  tarnifhes 
in  the  air,  but  water  has  no  effed  upon 
it. 

Cobalt,  dilTolved  in  aqua  regidy 
makes  an  excellent  fympatheuc  ink, 
appearing  green  when  held  to  the  fire, 
and  difappearing  when  cold,  unlefs  it 
has  been  heated  too  much,  when  it 
burns  the  paper. 

The 
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The  calx  of  cobalt  is  of  a  deep  blue 
colour,  which,  when  fufed,  makes  the 
blue  glafs  called  fmcilt.  The  ore  of  co- 
balt, called  zaffre^  is  found  in  feveraj 
parts  of  Europe,  but  chiefly  in  Saxony. 
As  it  is  commonly  fold,  it  contains  twice 
or  thrice  its  weight  of  powder  of  flints. 
The  fmalt  is  ufually  compofed  of  one 
part  of  calcined  cobalt,  fufed  with  t¥/o 
parts  of  powder  of  flint  and  one  of  pot- 
afli. 

The  chief  ufe  of  cobalt  is  for  making 
fmalt  J  but  the  powder  and  the  blue- 
flone  ufed  by  laundrefies  is  a  preparation 
made  by  the  Dutch  of  a  coarfe  kind  of 
fmalt. 


Of  Zinc. 

Zinc  is  a  femi  metal  of  a  bluiih  cafi-, 
brighter  than  lead,  and  h  far  malleable 
as  not  to  be  broken  by  a  hanimerj 
though  it  cannot  be  much  excen  led. 
When  broken  by  bending,  it  appears 
to.  confifc  of  cubical  grams.     If  it  be 

heated 


138  LECTURES     ON 

heated  nearly  to  melting,  it  will  be  fuf- 
ficiently  brittle  to  be  pulverized.  It 
melts  long  before  ignition,  and  when  it 
is  red  hot,  it  burns  with  a  dazzling  white 
flame,  and  is  calcined  with  fuch  rapi- 
dity, that  its  calx  flies  up  in  the  form 
of  white  flov/ersj  called  flowers  of  zinc, 
or  philofopbical  wool,  ■  In  a  ftronger 
keat  tliey  become  a  clear  yellow  glafs. 
Heated  in  clofe  veiTels,  this,  metal  rifes 
without  decompofition,  being  the  moll 
volatile  of  all  the  metals  except  the  re- 
gulus  of  arjenic... 

Zinc  diflblved  in  diluted  vitriolic  acid^^ 
yields  much  inflammatJ©  air,  and  has 
a  rcfiduuiii,  which  appears  to  be  plum- 
bago, and  the  liquor  forms  cryftals,  called 
white  copperas.  This  metal  alfo  yields 
inflammable  air  when  difTolved  in  the 
marine  acid.  DifTolved  in  the  nitrous 
acid,  it  yields  dephlogiflicated  nitrous 
air,  with  very  little  proper  nitrous  air* 

The  ore  of  zinc,  called  calaminey 
is  generally  of  a  white  colour ,  and  the 
chief  ufe  of  it  is  to  unite  it  with  copper, 

with 
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with  which  it  makes  brafs  and  other 
gold-coloured  mixtures  of  metals.  The 
calx  and  the  falts  of  this  metal  are  oc* 
cafionally  ufed  in  medicine. 


LECTURE 
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LECTURE    XXVIIL 


0/  Antimony, 

JL  HE  regulus  of  antimony  is  of  a  fil- 
very  white  coiourj  of  a  fcaly  texture, 
vrry  brittle,  and  melts  foon  after  ig- 
nition. By  continuaiice  of  heat  it  cal- 
cines in  v/hite  fumes,  called  argentine 
flowers  of  antimony^  which  melt  into  a 
hyacinthine  glafs.  In  clofe  veffels  it 
rifes  without  decompofition.  Its  calx 
is  iblyble  in  water,  like  that  of  arfe- 
nic.  This  metal  tarniilies,  but  does 
not  properly  ruft,  by  expofure  to  the 
air. 

This  metal  is  foluble  in  aqua  regia; 
It  detonates  with  nitre,  and  what  re- 
mains of  equal  parts  of  nitre  and  re- 
gulus of  antimony  after  detonation,  in 
a  hot  crucible,  is  called  diaphoretic 
antunony.  The  water  ufed  in  this  pre- 
paration^ contains  a  portion  of  the 
cak  fufpended   by  the  alkali,  and  be* 
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ing   precipitated  by  an  acid,  is  called 
cerufe  of  antitnGny, 

When  regulus  of  antimony  is  pul- 
verized and  mixed  with  twice  its 
weight  of  corrofive  fublimate  (which 
is  attended  with  heat)  and  then  diflil- 
led  with  a  gentle  fire^  a  thick  fluid 
comes  over,  which  is  congealed  in  the 
receiver,  or  in  the  neck  of  the  retort, 
and  is  called  butter  of  antimony.  The 
reliduum  confifls  of  revived  mercury, 
with  fome  regulus  and  calx  of  anti- 
mony. When  this  butter  of  antimo- 
ny is  thrown  into  pure  water,  there 
is  a  white  precipitate,  called  po-ivder 
of  algarotb,  a  violent  emetic.  Nitrous 
acid  diflblves  the  butter  of  antimony ; 
and  when  an  equal  w^eight  of  nitrous 
acid  has  been  three  times  diflilled  to 
drynefs  from  butter  of  antimony,  the 
refiduum,  after  ignition,  is  called  be- 
zoar  mineraly  and  feems  to  be  little 
more  than  a  calx  of  the  metal. 

Crude  antimony,  which  has  been 
much  ufed    in     the     experiments    of 

alchemius^ 
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alchemifts,  is  a  combination  of  ful- 
phur  and  regulus  of  antimony.  Heat 
melts  it,  and  finally  converts  it  into 
glafs,  of  a  dark  red  colour,  called  liver 
of  antimony.  If  antimony  be  melted 
or  boiled  with  a  fixed  alkali,  a  preci- 
pitate is  made  by  cooling,  called  kermes 
mineral,  form.erly  ufed  in  medicine. 
The  antimonial  preparations  that  are 
now  moft  in  ufe  are  antimonial  wine 
and  tartar  emetic.  The  wine  is  made 
by  infufing  pulverized  glafs  of  anti- 
mony in  Spanilli  wine  fome  days,  and 
filtering  the  clear  fluid  through  pa- 
per. The  emetic  tartar,  or  antimo- 
nial tartar,  is  a  faline  fubilance,  com- 
pofed  of  acid  of  tartar,  vegetable  al- 
kali, and  antimony  partially  calcined. 
The  preparation  may  be  feen  in  the 
Dilpenfaries. 

The  regulus  of  antimony  is  ufed 
in  the  form  of  pills,  which  purge 
more  or  lefs  in  proportion  to  mt  acid 
they  meet  with^  and  as  they  under- 
go   little    or    no    change    in  pailing 

through 
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through  the  body,  they  are  called  ^er- 
petuai  pills. 


Of  Mcinganefe, 

Manganese  is   a   hard,  black   mt- 
neral,  very   ponderous,  and  the   regu- 
lus    of  it   is    a    femi-metal    of  a   dull 
white  colour  when   broken,    but  foon 
grows   dark    by    expofure   to   the    air. 
It  is  hard  and  brittle,  though  not  pul- 
verizable,  rough  in  its  fracture,  and  of 
very    difficult   fufion.       Its    calces   are 
white   when    imperfed,    but  black,  or 
dark  green,  when  perfed.     The  white 
calx  is  foluble  in  acids.     When  broken 
in  pieces,     it   falls  into  powder  by   a 
Ipontaneous  calcination,  and  this  pow- 
der  is    magnetical,    though    the    iiiafs 
was    not   poflelTed    of  that    property. 
The    black   calx  of  manganefe  is  alto- 
gether infoluble  in  acids.     It  contains 
much  dephlogiilicated  air. 

The  calx  of  manganefe   is   ufed   in 
making  giafs  ^  the  glafs  deilroyin^  the 

colour 
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colour  of  that  of  the  other  materials, 
and  thereby  making  the  whole  mafs 
tranlparentr 

This  femi-metal  mixes  with  moft 
of  the  metals  in  fufion^  but  not  with 
mercury. 

There  is  another  ore  of  manganefe, 
called  black  woad,  which  inflames  Ipon- 
taneoufly   when  mixed  with  oil. 


Of    Wolfram* 

Wolfram  is  a  mineral  of  a  brov/n- 
ilh  or  black  colour,  found  in  the  tin 
mines  of  Cornwall,  of  a  radiated  or 
foliated  texture,  fhining  almofl  like  a 
metal.  It  contains  much  of  the  calx 
of  manganefe,  and  ironi  but  v/hen 
the  fubftance  is  pulverized,  thefe  are 
eafiiy  dilTolved,  and  the  calx  of  wol- 
fram   is  found   to  be  yellow. 

This  calx  turns  blue  by  expoiure  to 
light  j    and   an   hundred    grains  of  it 

heated 
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heated  with  charcoal  will  yield  fixty 
grains  of  a  peculiar  metal,  in  fmall 
particles,  which,  v/hen  broken,  look 
like  fteel.  It  is  foluble  in  the  vitriolic 
or  marine  acids,  and  reduced  to  a 
yellow  calx  by  nitrous  acid  or  aqua 
regia. 


Of  Molyhdench 

MoLYBDENA  IS  a  fubftance  which 
-much  refembles  plumbago  -,  but  its  tex- 
ture is  Icaly,  and  not  eafily  pulverized^ 
on  account  of  a  degree  of  flexibility 
^^lich  its  lamins  poiTefs.  With  ex- 
treme heat,  and  mixed  with  charcoal, 
it  yields  fmall  particles  of  a  metal 
that  is  grey,  brittle,  and  extremely 
'infufible;  and  uniting  with  feveral  of 
the  metals,  it  forms  with  them  brittle 
or  friable  compounds.  By  heat  it  is 
converted  into  d  v/hite   calx. 


H  0 
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Of  Solid  Comhifilhk  Suhjlances., 

There  yet  remains  a  clafs  of  folid 
..iubitancesj  of  the  cmnbuftible  kind,  but 
moft  of  them  have  been  already  con- 
fide red  under  the  form  of  the  fluids, 
from  from  which  they  are  originally 
formed,  as  bitumen^  pit-coal^  and  amber ; 
or  under  the  principal  ingredients  of 
j^^/hich  they  are  compofed,  2^%  Jidphur 
and  plumbago. 

There  only  remains  to  be  mentioned 
the  dimnoHd,  which  is  of  a  nature  quite 
different  from  that  of  the  other  pre- 
cious ftones,  the  principal  ingredient 
in  which  is  filiceous  earth,  which  ren- 
ders them  not  liable  to  be  much  af- 
fected by  heat.  On  the  contrary,  the 
diamond  is  a  combuftible  fubilances 
for  in  a  degree  of  heat  fomewhat 
greater  than  that  which  will  melt  filver, 
it  burns  with  a  flight  flame,  diminifhes 
common  air,  and  leaves  a  foot  behind. 
Alfo,  if  diamond  powder  be  triturated 

with 
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with  vitriolic  acid^  it  turns  it  black, 
which  is  another  proof  of  its  contain- 
ing phlogiflon. 

The  diamond  is  valued  on  account 
of  its  extreme  hardnefs,  the  exquifitc 
polifh  it  is  capable  of,  and  its  extra- 
ordinary refradlive  power ;  for  light 
falling  on  its  interior  furfaee  with  an 
angle  of  incidence  greater  than  24^ 
will  be  wholly  refledled,  whereas  in 
glafs  it  requires  an  angle  of  41  de- 
grees. 


H  2  LECTURE 
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LECTURE     XXIX. 


Of  the  DoElrine  of  Phlogiflon  ^and  the 
■  Com^ofition  of  Water, 


T  was  fuppofed  to  be  a  great  difcovery 
or  Mr.  Stahl,  that  all  inflammable  fub- 
llancesj  as  well  as  metals^  contain  a  prin- 
ciple, or  fubftance  to  which  he  gave 
the  name  of  phlogifton,  and  that  the 
addition  or  deprivation  of  this  fubftance 
makes  fome  of  the  moft  remarkable 
changes  in  bodies,  efpecially  that  the 
union  of  a  metallic  calx  and  this  fub- 
ftance makes  a  metal  3  and  that  com- 
buftion  confifts  in  the  feparation  of 
phlogifton  from  the  fubftances  that  con- 
tain it.  That  it  is  the  fame  principle, 
or  fubftance,  that  enters  into  all  inflam- 
mable fubftances,  and  metals,  is  evi- 
dent, from  its  being  difengaged  from 

any 
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any  of  chem,  and  entering  into  the 
compofitlon  of  any  of  -the  others. 
Thus  the  phlogifton  of  charcoal  or  in- 
flammabie  air  becomes  the  phiogidon  -■ 
of  any  of  the  metals,  when  the  calx" 
is  heated  in  contad  with  either  of 
them. 

On  the  contrary,  Mr.  I.avoifier  and^ 
mofl  of  the  French  chemifcs,  are  of 
opinion,  tliat  there  is  no  fuch  principle, 
or  fubilance,  as  phiogifton  ^  that  metals 
and  other  inflammable  bodies  are  iimple 
fubilances,  which  have  an  afHnity  to 
pure  airj  and  that  combuflion  confifts 
not  in  the  reparation  of  any  thing  from 
the  inflammable  fubfl:ance,  but  in  the 
union  of  pure  air  with  it. 

They  moreover  fay,  that  v/ater  is 
not,  as  has  been  commonly  fuppofed, 
a  fimple  fubfl:ance,  but  that  it  confifl:s 
of  two  elements,  viz.  pure  air,  or  oxy- 
gene^  and  another,  to  which  they  give 
the  name  of  hydrogene^  which,  with 
the  principle  of  heat^  called  by  them 
calorique,  is  inflammable  air, 

H3  The 
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The  principal  fadl  adduced  by  them 
to  prove  that  metals  dp  not  lofe  any 
thing  when  they  become  calces,  but 
only  gain  fomething,  is,  that  mercury 
becomes  a  calx,  called  precipitate  per  [e^ 
by  imbibing  pure  air,  and  that  it  be- 
comes running  mercury  again  by  part- 
ing with  it. 

This  is  acknowledged :  but  it  is  al- 
moft  the  only  cafe  of  any  calx  being 
revived  without  the  help  of  fome 
know^n  phlogiftic  fubilance  -,  and  in  this 
particular  cafe  it  is  not  abfurd  to  fup- 
pofe,  that  the  mercury,  in  becoming 
precipitate  per  fe,  may  retain  all  its 
phlogiilon,  as  w^ell  as  imbibe  pure  air, 
and  therefore  be  revived  by  fimply 
parting  v;ith  that  air.  In  many  other 
cafes  the  fame  metal,  in  different  flates, 
contains  more  or  lefs  phlogifton,  as 
cad  iron,  malleable  iron,  and  ileel. 
Aho  diere  is  a  calx  of  mercury  made 
by  the  acid  of  vitriol,  which  cannot  be 
revived  without  the  help  of  inflamma- 
ble air,  or  fome  other  fubflance  fup- 
pofed  to  contain  phlogidon :  and  that 

the 
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the  inflammable  air  is  really  imbibed  in 
thefe  procefTes,  is  evident,  from  its 
wholly  difappearing,  and  nothing  being 
left  in  the  veiTel  in  which  the  procef'i  is  ■ 
made  befide  the  metal  that  is  revived 
by  it.  If  precipitate  per  fe  be  revived 
in  inflammable  air,  'the  air  will  be  im- 
bibed, fo  that  running  mercury  may- 
contain  more  or  iefs  pklogifion. 

The  antiphlogiftians  alfo  fay,  that 
the  diminution  of  atmofpherical  air  by 
the  burning  of  phoiphorus  is  a  proof  of 
their  theory;  the  pure  air  being  im- 
bibed by  that  fubftance,  and  nothing 
emitted  from  it.  But  there  is  the  fame 
proof  of  phoiphorus  containing  phlo- 
gifton,  that  there  is  of  dry  flefh  con- 
taining it :  fmce  the  produce  of  the  fo- 
lution  of  it  in  nitrous  acid,  and  its  effect 
upon  the  acid,  are  the  fame,  viz.  the 
production  of  phlogifticated  air,  and 
the  phlogiftication  of  the  acid. 

Their  proof  that 'water  is  decom- 

pofed,    is,  that  in   fending  ft^eam  over 

hot  iron,  inflammable  air  (which  they 

H  4  fuppofe 
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fuppofe  to  be  one  conilituent  part  of  it) 
is  procured  ^  while  the  other  part,  viz. 
the  oxygene,  unites  with  the  iron,  and 
adds  to  its  weight.  But  it  is  replied, 
that  the  inflammable  air  ^may  be  well 
fuppofed  to  be  the  phlogifton  of  the 
iron,  united  to  part  of  the  water,  as 
its  bafe,  while  the  remainder  of  the 
water  is  imbibed  by  the  calx  -,  and  that 
it  is  mere  water,  and  not  pure  air,  or 
oxygene,  that  is  retained  in  the  iron, 
is  evident,  from  nothing  but  pure 
water  being  recovered  when  this  calx 
of  iron  is  revived  in  inflammable  air, 
in  which  cafe  the  inflammable  air  wholly 
difappears,  taking  the  place  of  the 
Vvater,  by  which  it  had  hccn  expelled. 

In  anfwer  to  this  it  is  faid,  that  the 
pure  air  expelled  from  the  calx  uniting 
with  the  inflammable  air  in  the  veiTel, 
recompofea  the  water  found  after  this 
procefs.  But  in  every  other  cafe  in 
^yhich  any  fubfliance  contaitiing  pure  air 
is  heated  in  inflammable  air,  though 
the  inflammable  air  be  in  part  imbibed, 
fome  fsced  air  is   produced,   and  this 

fixed 
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fixed  air  is  compofed  of  the  pure  air  in 
the  fubftance  and  part  of  the  inflam- 
mable air  in  the  veiTel.  Thus,  if  mi- 
mum^  which  contains  pure  air,  and  maf- 
Jtcot^  which  contains  none,  be  heat- 
ed in  inflammable  air,  in  both  the 
cafes  lead  will  be  revived  by  the  ab- 
forption  of  inflammable  air;  but  in  the 
former  cafe  only,  and  not  in  the  latter, 
will  fixed  air  be  produced.  The  calx 
of  iron,  therefore,  having  the  fame 
effedt  with  mailicot,  when  treated  in 
the  fame  manner,  appears  to  contain  ^ 
no  more  pure  air  than  mafficot  does. 

Befides  this  explanation  of  the  fa61:s 
on  which  the  new  theory  is  founded, 
which  ihews  it  to  be  unnecefl^ry,  the 
old  hypothefls  being  fufficient  for  the 
purpofe,  fome  fa6ls  are  alledged,  as  in- 
confident  with  the  new  doctrine. 

If  the  calx  of  iron  made  by  water, 
and  charcoal  made  by  the  greaceft  de- 
gree of  heat,  be  mixed  together,  a 
great  quantity  of  inflammable  air  will 
be  produced  3  though,  according  to 
H  5  the 
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the  new  theory,  neither  of  thefe  fub- 
ftances  contained  any  water,  which 
they  maintain  to  be  the  only  origin  of 
it.  But  this  fa6t  is  eafily  explained 
upon  the  dofiirine  of  phlogiftons  the 
w  J:er  in  this  calx  uniting  with  the  phlo- 
gitlon  of  the  charcoal,  and  then  form- 
ing inflammable  air  -,  and  it  is  the  fame 
kind  of  inflammable  air  that  is  made 
from  charcoal  and  water. 

\ 

Alfo  the  union  of  inflammable  and 
pure  air,  when  they  are  fired  together 
by  means  of  the  ele£lric  Ipark,  produ- 
ces not  pure  water,  as,  according  to 
the  new  theory,  it  ought  to  do,  but  ni- 
trous acid. 

To  this  it  has  been  objedled,  that 
the  acid  thus  produced  came  from  the 
decompofltion  of  phlogiflicated  air,  a 
fmall  portion  of  which  was  at  firfl:  con- 
tained in  the  mixture  of  the  two  kinds 
of  air.  But  when  every  particle  of 
phlogiflicated  air  is  excluded,  the 
^rongeil  acid  is  procured. 

Thty 
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They  find,  indeed,  that  by  the  flow 
burning  of  inflammable  air  in  pure  air, 
they  get  pure  water.  But  then  it  ap- 
pears, that  whenever  this  is  the  cafe, 
there  is  a  produdfon  of  phlogifticated 
air,  which  contains  the  neceiTary  ele- 
ment of  nitrous  acid;  and  this  is  al- 
ways the  cafe  when  there  is  a  litde  fur- 
plus  of  the  inflam^mable  air  that  is  fired 
along  with  the  pure  air,  as  the  acid  is 
always  procured  when  there  is  a  redun^ 
dancy  of  pure  air. 

That  much  water  iliould  be  procured 
by  the  decompofition  of  thefe  kinds  of 
air,  is  eafily  accounted  for,  by  fuppofmg 
that  water,  or  fteam,  is  the  bafis  of 
thefe,  as  well  as  of  all  other  kinds  of  air. 

Since  air  fomething  better  than  that 
of  the  atmofphere  is  conftantly  pro- 
duced from  water  by  converting  it  into 
vapour,  and  alfo  by  removing  the  pref- 
fure  of  the  atmofphere,  and  thefe  pro- 
cefTes  do  not  appear  to  have  any  limits; 
it  feems  probable,  that  water  united  to 
the  principle  of  heaty  conftitutes  atmof- 

pherical 
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pherical  air ;  and  if  fo,  it  mufl  confift 
of  the  elements  of  both  dephlogifticat-* 
ed  and  phlogifticated  air^  which  is  a 
fuppofition  very  different  from  that  of 
the  French  chemifts*. 


ILECTURE 
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LECTURE    XXX. 

Of  Heat. 


JHLeat  is  an  affe6lion  of  bodies  well 
known  by  the  fenfation  that  it  excites. 
It  is  produced  by  fri6lion  or  compref- 
fion,  as  by  the  ftriking  of  flint  againft 
Heel,  and  the  hammering  of  iron,  by 
the  refledtion  or  refraction  of  lights,  and 
by  the  combuftion  of  inflammable  fub- 
llances. 

It  has  been  long  dilputed,  whether 
the  caufe  of  heat  be  properly  a  fub^ 
Jlancey  or  fome  particular  affedlion  of 
the  particles  that  co.,.pofe  the  fubftance 
that  is  heated.  But  be  it  a  fubflance, 
or  a  principle  of  any  other  kind,  it  is 
capable  of  being  transferred  from  one 
body  to  another,  and  the  communica- 
tion of  it  is  attended  with  the  following 

circumftances. 
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circiiinftances.  All  fubftances  are  ex- 
panded by  heat,  but  fome  in  a  greater 
degree  than  others  j  as  metals  more 
tiian  earthy  fubftances^  and  charcoal 
more  than  wood.  Alfo  fome  receive 
and  tranfmit  heat  through  their  fub- 
ftance  more  readily  than  others  -,  metals 
more  fo  than  earths,  and  of  the  metals, 
cppper  more  readily  than  iron.  In»^ 
firuments  contrived  to  afcertain  the  ex- 
panfion  of  fubftances  by  heat,  are  cal- 
led pyrometers^  and  are  of  various  con- 
ftructions. 

As  a  ftandard  to  m.eafjre  the  degrees 
cf  heat,  mercury  is  in  general  prefera- 
ble to  any  other  fubftance,  on  account 
of  its  readily  receiving,  and  commu- 
nicating, heat  through  its  v/hole  mafa, 
fher^nometen^  therefore,  or  inftruments ' 
to  meafure  the  degrees  of  heat,  are- 
generally  conftruded  of  it,  though,  as 
it  is  fubjeft  to  become  folid  in  a  great 
degree  of  cold,  ardent  fpirit,  which' 
will  not  freeze  at  all,  is  more  proper  in 
that  particular  cafe. 

The 
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The  graduation  of  thermometers  is 
arbitrary.  In  that  of  Fahrenheit,  which 
is  chiefly  ufed  in  England,  the  freezing 
point  of  water  is  32",  and  the  boiling 
point  212".  In  that  of  Reaumur, 
which  is  chiefly  ufed  abroad,  the  freez- 
ing point  of  water  }s  o,  and  the  boil- 
ing point  80.  To  meafure  the  degrees 
of  heat  above  ignition,  Mr.  Wedg- 
wood has  happily  contrived  to  ufe 
pieces  of  clay,  which  contradl  in  the 
fire  3  and  he  has  alfo  been  able  to  find 
the  coincidence  of  the  degrees  in  mer- 
cui-iai  thermometers  with  thofe  of  his 
own. 

To  meafure  the  degrees  of  heat  and 
cold  during  a  perfon's  abfence,  Lord 
George  Cavendifh  contrived  an  inftru- 
ment,  in  which  a  fmall  bafon  received 
the  mercury,  that  was  raifed  higher  than 
the  place  for  which  it  was  regulated  by 
heat  or  cold,  without  a  pov/er  of  re- 
turning. But  Mr.  Six  has  lately  hit 
upon  a  better  method,  viz.  introducing 
into  the  tube  of  his  thermometer  a 
fmall  piece  of  iron^  which  is  raifed  by 

the 
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the  afcent  of  the  mercury^  and  prevent- 
ed from  defcending  by  a  fmall  fpringj 
but  which  may  be  brought  back  to  its 
former  place  by  a  magnet  ading  through 
the  glafs. 

Heat,  like  light,  is  propagated  in 
right  lines  j  and  what  is  more  remarka- 
ble, cold  obferves  the  fame  laws.  For 
if  the  iubftance  emitting  heat  without 
light,  as  iron  below  ignition,  be  placed 
in  the  focus  of  a  burning  mirror,  a 
thermometer  in  the  focus  of  a  fimilar 
mirror,  placed  parallel  to  it,  though  at 
a  confiderable  diftance,  will  be  heated 
by  it,  and  if  a  piece  of  ice  be  placed 
there  the  mercury  will  fall. 

Heat  affiils  the  folvent  power  of  al- 
moft  all  menfirua  -,  fo  that  many  fub- 
flances  will  unite  in  a  certain  degree  of 
heat,  which  will  form  no  union  at  all 
without  it,  as  dephlogifticated  and  in- 
flammable air. 

If  fubftances  be  of  the  fame  kind, 
they  will  receive  heat  from  one  another, 
in  proportion  to   their  maffes.     Thus, 

if 
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if  a  quantity  of  water  heated  to  40"  be 
mixed  with  another  equal  quantity  of 
water  heated  to  20%  the  whole  mafs  will 
be  heated  to  ^o^  But  if  the  fubftan- 
ces  be  of  different  kinds,  they  will  re- 
ceive heat  from  each  other  in  different 
proportions,  according  to  their  cap  a  city 
(as  it  is  called)  of  receiving  heat.  Thus, 
if  a  pint  of  mercury  of  the  tempera- 
ture of  136  be  mixed  with  a  pint  of 
water  of  the  temperature  of  ^'^y  the 
temperature  of  the  two  after  mixture 
will  not  be  a  medium  between  thofe  two 
numbers,  viz.  93,  but  76 i  confe- 
quently  the  mercury  was  cooled  60^, 
while  the  water  was  heated  only  263  fo 
that  26  degrees  of  heat  in  water  corref- 
pond  to  60  in  mercury.  But  mercury 
is  about  1 3  times  fpecifically  heavier  than 
water,  fo  that  an  equal  weight  of  mer- 
cury would  contain  only  one  thirtieth 
part  of  this  heat;  and  dividing  26  by 
13,  the  quotient  is  2.  l^  weighty  there- 
fore, be  confidered,  the  heat  difcover* 
ed  by  water  fhould  be  reckoned  as  2  in- 
(lead  of  60  i  and  confequently  when 
water  receives  two  degrees  of  heat^  an. 

equal 
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equal  weight  of  mercury  will  receive  So'^- 
and  dividing  both  the  numbers  by  2,  if 
the  heat  of  water  be  i,'  that  of  the  mer- 
cury will  be  3c.  Or  fmce  they  receive 
equal  degrees  of  heat,-  Vvdiether  they  dif- 
cover  it  or  not  (and  the  lefs  they  difco- 
ver,  the  more  they  retain  in  a  latent 
fcate)  a  pound  of  mercury  contains  no 
more  than  one  thirtieth  part  of  the  heat 
a6lually  exlfting  in  a  pound  of  water  of 
the  fame  temperature.  Water^  there- 
fore, is  faid  to  have  a  greater  capacity 
for  receiving  and  retaining  heat,  without 
difcovering  it,  than  mercury,  in  the  pro- 
portion of  30  to  I,  if  weight  be  confi- 
dered,  or  of  60  to  26,  that  is  of  t^o  to 
13  i  if  bulk  be  the  ilandard,  though, 
according  to  fom.e,   it  is  as  3  to  2, 

The  capacity  of  receiving  heat  in  the 
fame  fubflance  is  greateft  in  a  flate  of 
vapour,  and  leail  in  that  of-  a  folid ;  fo 
that  when  ice  is  converted  into  water, 
heat  is  abforbed,  and  more  ftill  when  it 
is  converted  into  vapour  j  and  on  the 
contrary,  when  vapour  is  converted  into 
water,  it  gives  out  the  heat  which  it  had 

imbibed. 
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imbibed,  and  when  it  becomes    ice  it 
gives  out  ftill  more. 

If  equal  quantities  of  ice  and  water 
be  expofed  to  heat  at  the  temperature  of 
32%  the  ice  will  only  become  water, 
without  receiving  any  additional  fenfible 
heati  but  an  equal  quantity  of  water  in 
the  fame  fituation  would  be  raifed  to 
178"  5  fo  that  146  degrees  of  heat  will 
be  imbibed,  and  remain  latent  in  die 
water,  in  confequence  of  its  pafTingfrom 
a  ftate  of  ice  :  and  heat  communicated 
by  a  given  weight  of  a  vapour  will  raife 
an  equal  weight  of  a  non-evaporable  fub-^ 
fiance, .  of  the  fame  capacity  with  water, 
^43  degrees;  fo  that  much  more  heat 
is  latent  in  fleam,  than  in  the  water  from 
which  it  was  formed. 

This  do6lrine  of  latent  heat  explains 
a  great  variety  of  phasnomena  in  nature  5 
as  that  of  cooling  bodies  by  evaporation, 
die  vapour  of  water,  or  any  other  fluid 
fubilance,  abforbing  and  carrying  off 
th^  heat  they  had  before, 

yVater, 
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Water,  peifedlyatreft,  will  fall  con- 
fiderably  below  the  freezing  point,  and 
yet  continue  fluid :  but  on  the  Oighteft 
agitation,  the  congelation  of  the  whole, 
or  part  of  it,  takes  place  inflantly,  and 
if  the  whole  be  not  folid,  it  will  inflant- 
ly rife  to  32'',  the  freezing  point.  From 
w^hatever  caufe,  fome  motion  feems  ne- 
cefTary  to  the  commencement  of  conge- 
lation, at  ieaft  in  a  moderate  tempera- 
ture; but  whenever  any  part  of  the 
water  becomes  folid,  it  gives  out  fome 
of  the  heat  it  had  before,  and  that  heat 
which  was  before  latent  becoming  fenfi- 
ble,  and  being  diffufed  through  the 
whole  mafs,  raifes  its  temperature. 

On  the  fame  principle,  when  water 
heated  higher  than  the  boiling  point  in 
a  digefler  is  fuddenly  permitted  to  efcape 
in  the  form  of  fleam,  the  remainder  is 
inflantly  reduced  to  the  common  boiling 
point,  the  heat  above  that  point  being 
carried  off  in  a  latent  flate  by  the  fleam. 

Had  it  not  been  for  this  wlfeprovifi- 
on  in  nature,  the  whole  of  any  quantity 

of 
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of  water  v/ould,  in  all  cafes  of  freezing, 
have  become  folid  at  once  ;  and  alfo  the 
whole  of^any  quantity  that  was  heated  to 
the  point  of  boiling,  would  have  been 
converted  into  fleam  at  once ;  cir- 
cumftances  which  would  have  been  ex- 
tremely inconvenient,    and  often  fatal. 

This  do6lrine  alfo  explains  the  effed  of 

freezing  mixtures,    as    that   of  fait  and 

fnow.    Thefe  folid  fubftances,  on  being 

mixed,     become    fluid,  and  that  fluid 

abforbing  much  heat,  deprives   all  the 

neighbouring  bodies    of    part  of  what 

they  had.     But   if  the  temperature  at 

which  the  mixture  is  made  be  as  low  as 

that  to  which   this  mixture  would  have 

brought  it,    it  has  no  efl^ed-,    and   in  a 

lower  temperature  this  new  fluid  would 

become  folid  i   for  that  mixture  has  only 

a  certain  determinate  capacity  for  heat, 

and  if  the  neighbouring  bodies  have  lefs 

heat,   they  will  take  from  it. 

It  has  been  obferved,  that'  the  com- 
parative heat  of  bodies  containing  phlo- 
gifton  is  increafed  by  calcination  or  com- 

buftion  i 
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bullion ;  fo  that  the  calx  of  iron  has  a 
greater  capacity  for  heat,  and  therefore 
contains  more  latent  heat,  than  the  metal. 

In  general  it  is  not  found,  that  the 
fame  fubilances  have  their  capacity  for 
receiving  heat  increafed  by  an  increale 
of  temperature  -,  but  this  is  faid  to  be  the 
cafe  with  a  mixture  of  ardent  ipirit  and 
water,  and  alfo  that  of  ipirit  of  vitriol 
and  water. 

Since  all  fubftances  contain  a  greater 
or  iefs  quantity  of  heat,  and  in  confe- 
quence  of  being  deprived  of  it  become 
colder  and  colder,  it  is  a  queftion  of 
fome  curiofity  to  determine  the  extent  to 
which  this  can  go,  or  at  what  degree  in 
the  fcale  of  a  thermometer  any  fubftance 
would  be  abfolutely  cold,  or  deprived 
of  all  heat ;  and  an  attempt  has  been 
made  to  folve  this  problem  in  the  fol- 
lowing manner.  Comparing  the  capa- 
city of  water  v;ith  that  of  ice,  by  means 
of  a  third  fubftance,  viz.  mercury,  it 
has  been  found,  that  if  that  of  ice  be 
c)®,  that  of  water  is  lo^'s   fo  that  v/ater 

in 
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in  becoming  ice  gives  out  ons  tenth 
part  of  its  whole  quantity  of  heat.  But 
it  has  been  iliown,  that  ice  in  becoming 
water  abforbs  146  degrees  of  heat. 
This,  therefore^  being  one  tenth  part 
of  the  whole  heat  of  water,  it  mud 
have  contained  1460  degrees;  fo  that 
taking  32  degrees,  which  is  the  freez- 
ing point,  from  that  number,  the  point 
of  ablblute  cold  will  be  1426  below  o  of 
Fahrenheit's  fcale. 

By  a  computation,  made  by  means  of 
the  heat  of  inflammable  and  dephlo- 
gifticated  air,  at  the  temperature  of  50, 
Dr.  Crawford  finds,  that  it  contains  near- 
ly 1550  degrees  of  heat;  fo  that  the 
point  of  abfolute  cold  will  be  1500  be- 
low o.  But  more  experiments  are  want- 
ed to  folve  this  curious  problem  to  en- 
tire fatisfadlion. 
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XECTURE    XXXL 


Of  Animal  heat. 


iNCE  all  animals,  and  efpecially  thofc 
that  have  red  blood,  are  much  hotter 
than  the  medium  in  which  they  live, 
the  fource  of  this  heat  has  become  the 
fubje6l  of  much  inveftigation  -,  and  as 
the  m.ofl  probable  theory  is  that  of  Dr. 
Crawford,  I  fhall  give  a  fhort  detail  of 
the  reafons  on  which  it  is  founded. 

Having,  with  the  moil  fcrupulous  at- 
tendon,  afcertained  the  latenty  or,  as  he 
calls  it,  the  abfclute  heat  of  blood,  and 
alfo  that  of  the  aliments  of  which  it  is 
compofed,  he  finds  that  it  contains  more 
than  could  have  been  derived  from  them. 
Alfo  finding  that  the  abfolute  heat  of 
arterial  blood  exceeds  that  of  venous 
blood,   in  the  proportion  of  iii  to  lo, 

he 


EXPERIMENTAL  PHILOSOPHY.        169 

he  concludes  that  it  derives  its  heat  from 
the  air  refpired  in  the  lungs,  and  that 
it  parts  with  this  latent  heat,  fo  that  it 
becomes  fenfible,  in  the  courfc  of  its 
circulation,  in  which  it  becomes  loaded 
with  phlogiilon,  which  it  communicates 
to  the  air  in  the  lungs. 

That  this  heat  isfurniihed  by  the  alr^ 
he  proves,  by  finding,  that  that  which 
we  infpire  contains  more  heat  than  that 
which  we  expire,  or  than  the  aqueous 
humour  which  we  expire  along  with  it, 
in  a  very  confiderable  proportion  -,  fo 
that  if  the  heat  contained  in  the  pure  air 
did  not  become  latent  in  the  blood,  it 
would  raife  its  temperature  higher  than 
that  of  red-hot  iron.  And  again,  if  the 
venous  blood,  in  being  converted  into 
arterial  bloody  did  not  receive  a  fupply 
of  latent  heat  from  the  air,  its  tempera- 
ture would  fall  from  96  to  104  below  o 
in  Fahrenheit's  thermometer. 

That  the  heat  procured  by  combuili- 

on  has  the  lame  f3urce,  viz^che  dephlo- 

gillicated  air  that  is  decompofed  in  the 

I  proce  fsj 
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procefs,  is  generally  allowed ;  and  Dr. 
Cravv'ford  finds,  that  when  equal  por- 
tions of  air  are  altered  by  the  refpiration 
of  a  Guinea  pig,  or  by  the  burning  of 
charcoal,  the  quantity  of  heat  commu- 
niQated  by  the  two  procefles  is  nearly 
equal. 

The  following  fadls  are  alfo  alleged 
in  favour  of  his  theory.  Whereas  ani- 
rrals  which  have  much  red  blood,  and 
refpire  much,  have  the  power  of  keep- 
ing themfclves  in  a  temperature  confi- 
derably  higher  than  that  of  the  lur- 
rounding  atmofphere,  other  animals,  as 
frogs  and  fcrpents^  are  nearly  of  the 
fame  temperature  with  iti  and  thofe 
animals  which  have  the  largeft  refpira- 
tory  organs,  as  birds,  are  the  warmeft  ; 
alfo  the  degree  of  heat  is  in  fome  mea- 
fure  proportionable  to  the  quantity  of 
air  that  is  refpired  in  a  given  time,  as  in 
violent  exercife. 

It  has  been  obferved,  that  animals  in 
a  medium  hotter  than  the  blood  have  a 
power  of  p'referving  themfclves  in  the 

fam^ 
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fame  temperature.  In  this  cafe  the  heat 
is  probably  carried  off  by  perfpiration, 
while  the  blood  ceafes  to  receive^  or  give 
out,  any  heat  i  and  Dr.  Crawford  finds, 
that  when  an  animal  is  placed  in  a  warm 
medium,  the  colour  of  the  venous  blood 
approaches  nearer  to  that  of  the  arterial 
than  when  it  is  placed  in  a  colder  medi- 
um i  and  alfo,  that  it  phlogifticates  the 
^ir  lefs  than  in  the  former  cafe  ;  fo  that 
in  thefe  circumftances  refpiration  has  not 
the  fame  effect  that  it  has  in  a  colder 
temperature,  in  giving  the  body  an  ad- 
ditional quantity  of  heat;  which  is  an 
-excellent  provifion  in  nature,  as  the  heat 
is  not  wanted,  but,  on  the  contrary^ 
w6uld  prove  inconvenient. 
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LECTURE    XXXn. 

Of  Light, 


NOT  HER  moft  important  agent  in 
nature,  and  one  that  has  a  near  connex- 
ion with  heat,  is  lights  being  emitted  by 
ail  bodies  in  a  ftate  of  ignition,  and  ef- 
pecially  by  the  fun,  the  great  fource  of 
light  and  of  heat  to  this  habitable  world. 

Whether  light  confifts  of  particles  of 
matter  (which  is  moll  probable)  or  be 
the  undulation  of  a  peculiar  fluid,  filling 
all  fpace,  it  is  emitted  from  all  luminous 
bodies  in  right  lines. 

Falling  upon  other  bodies,  part  of 
the  light  is  refletled  at  an  angle  equal  to 
that  of  its  incidence,  though  not  by  im- 
pinging on  .;^|refleding  furface,  but  by 
a  power  ad^^at  a  fmall  diftance  from 

it. 
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it.  But  another  part  of  the  light  enters 
the  body,  and  is  refracted  or  bent  to- 
wardsy  ovfro7n^  the  perpendicular  to  the 
furface  of  the  new  medium,  if  tht  in- 
cidence be  oblique  to  it.  In  general, 
rays  of  light  falling  obliquely  on  any 
medium  are  bent  as  if  they  were  at- 
trafled  by  it,  when  it  has  a  greater  dxn- 
fity,  or  contains  more  of  the  inflamma- 
ble principle,  than  the  medium  through 
which  it  was  tranfmitted  to  it.  More  of 
the  rays  are  refletSbed  when  they  fall  upon 
a  body  with  a  fmall  degree  of  obliquity 
to  its  furface,  and  more  of  them  are 
tranfmitted,  or  enter  the  body,  when 
their  incidence  is  nearer  to  a  perpendi- 
cular. 

The  velocity  with  which  light  is  emit- 
ted or  refledled  is  the  fame,  and  fo  great 
that  it  pafles  from  the  fun  to  the  earth 
in  about  eight  minutes  and  twelve  fe- 
conds. 

Rays  of  light  emitted  or  reflected 
from  a  body  entering  the  pupil  of  the 
eye,  are  fo  refraded  by  the  humours  of 

I  3  i^ 
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it,  as  to  be  united  at  the  furface  of  the 
retina,  and  fo  make  images  of  die  ob- 
je6lsj  by  means  of  which  they  are  vi- 
fible  to  us ;  and  the  magnifying  power 
of  telefcopes  or  microfcopes  depends 
upon  contriving,  by  means  of  refiedions 
or  refradions,  that  pencils  of  rays  if- 
fuing  from  every  point  of  any  objed; 
fhall  firfl  diverge,  and  then  converge, 
as  they  would  have  done  from  a  much 
larger  objed,  or  from  one  placed  much 
nearer  to  the  eye. 

When  a  beam  of  light  is  bent  out  of 
its  courfe  by  refradion,  all  the  rays  o^ 
which  it  confiils  are  not  equally  refraded, 
but  fome  of  them  more  and  others 
lefs  3  and  the  colour  which  they  are  dif- 
pofed  to  exhibit  is  conneded  invariably 
with  the  degree  of  their  refrangibility ; 
the  red- coloured  rays  being  the  leafl:, 
and  the  violet  the  moil  refrangible,  and 
the  reft  being  more  or  lefs  fo  in  propor- 
tion to  their  nearnefs  to  thefe,  which  are 
the  extremes,  in  the  following  order, 
violet,  indigo,  blue,  green,  yellow, 
'orange,  red. 

Thefe 
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Thefe  colours,  when  feparated  ns 
much  as  pofTible,  are  ilill  contiguous; 
and  all  the  fhades  of  each  coicur  have 
like  wife  their  feparate  and  invariable  de- 
grees of ■  refrangibllity.  When  fepara- 
ted as  diflinftly  as  poilible,  they  divide 
the  whole  fpace  between  them  exa-ftly 
as  a  mufical  chord  is  divided  m  order  to 
found  tlie  feveral  notes  and  half  notes  of 
an  occave, 

Thefe  difFerently-coloured  rays  of 
light  are  alfo  feparated  in  paffing  through 
the  transparent  medium  of  air  and  wa- 
ter, in  confequence  of  which  the  iky 
appears  tiJue  and  the  fea  green,  thefe 
rays  being  returned,  while  the  red  ones 
proceed  to  a  greater  diftance.  By  this 
means  alfo  objedls  at  the  bottom  of  the 
fea  appear  to  divers  red,  and  fo  do  all 
objects  enlightened  by  an  evening  fun. 

The  mixture  of  all  the  differently- co- 
loured rays,  in  the  proportions  in  which 
they  cover  the  coloured  image  above 
mentioned,  makes  a  wbitSy  and  the  ab- 
fence  of  ail  light  is  blacknefs, 

I4  By 
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By  means  of  the  different  refrangi- 
bility  of  light,  the  colours  of  the  rainbow 
may  be  explained. 

The  dlftance  to  which  the  differently- 
coloured  rays  are  feparated  from  each 
other  is  not  in  proportion  to  the  mean 
refradlive  power  of  the  medium,  but 
depends  upon  the  peculiar  conilitution 
of  the  fubdarice  by  which  they  are  re- 
fra6led.  The  difperfing  power  of  glafs, 
into  the  comporition  of  which  lead  en- 
ters, is  great  in  propcrdon  to  the  mean 
lefraftion  ;  and  it  is  proportionally  little 
in  that  glafs  in  which  there  is  much,  alka- 
line fait.  The  con^mdixon  o^  achrotnatie 
tele/copes  depends  upon  this  principle. 

Not  only  have  different  rays  of  light 
thefe  different  properties  with  refpedl  to 
bodies,  fo  as  to  be  more  or  lefs  re- 
frafled,  ordifperfed,  by  them,  but  dif- 
ferent fides  of  the  fame  rays  feem  to  have 
different  properdes,  for  they  are  differ- 
ently affected  on  entering  a  piece  of 
ijlarui  cryftaL  With  the  fame  degree  of 
incidence,  part   of  the  pencil  of  rays> 

confifting 
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confifting  of  all  the  colours,  proceeds 
in  one  diredion,  and  the  reft  in  a  dilTer- 
ent  one  ;  fo  that  objeds  feen  through  a 
piece  of  this  fubftance  appear  double. 

At  the  furface  of  all  bodies  rays  of 
light  are  promifcuoufly  refieded,  or 
tranfmitted. 

But  if  the  next  furface  be  very  near 
to  it,  the  rays  of  one  colour  chiefly  are 
refledled,  and  the  reil  tranfmitted,  and 
thefe  places  occur  alternately  for  rays  of 
each  of  the  colours  in  paffing  from  the 
thinneft  to  the  thickeft  parts  of  the  me- 
dium i  fo  that  feveral  feries,  or  orders, 
of  colours  will  be  vifible  on  the  furface 
of  the  fame  thin  tranfparent  body.  On 
this  principle  coloured  rings  appear  be- 
tween a  plane  and  a  convex  lens,  in  a 
little  oil  on  the  furface  of  water,  and  in 
bubbles  made  with  foap  and  water. 

When   rays  of  light  pafs  near  to  any 

body,   fo  as  to  come  within  the  fphere  of 

its  attradlion  and  repulfion,  an  injie'clion 

takes  place  s  all  the  kinds  of  rays  being 

I  5  bene 
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bent  towards^  or  froniy  the  body,  and 
thefe  powers  afFedling  fome  rays  more 
thari^  others,  they  are  by  this  means  alfo 
feparated  from  each  other,  fo  that  co- 
loured flreaks  appear  both  within  the 
fhadow,  and  on  the  outfide  of  it,  the 
red  rays  being  infleded  at  the  great- 
eft  diftance  from  the  body. 

Part  of  the  light  which  enters  bodies 
is  retained  within  them,  and  proceeds 
no  farther ;  but  fo  loofely  in  fome  kinds 
of  bodies,  that  a  faiall  degree  of  heat  is 
fufficient  to  expel  it  again,  fo  as  to  make 
the  body  vifible  in  the  dark :  but  the 
more  heat  is  applied,  the  fooner  is  all 
the  light  expelled.  This  is  a  ftrong  ar- 
gumt^nt  for  the  materiality  of  light. 
Boiognian  phcfphorus  is  a  fubftance  which 
has  this  property  -,  but  a  compofitioo 
made  by  Mr.  Canton,  of  calcined  oyf- 
ter-llielis  and  fulphur,  in  a  much  greater 
degree.  However,  white  paper,  and 
moll  fubftances,  except  the  metajs,  are 
poiTeiTed  cf  this  property  in  a  fmall 
dee:ree. 

Some; 
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Some  bodies,  efpecially  pho(j?horus, 
and  animal  fubitances  tending  to  putre- 
faction, emit  light  without  being  fenfi- 
bly  hot. 

The  colours  of  vegetables,  and  like- 
wife  their  tafte  mdfmeily  depend  upon 
light.  It  is  alfo  by  means  of  light  falling 
on  the  leaves  and  other  green  parts  of 
plants  that  they  emit  dephlogifticated 
air,  which  preferves  the  atmofphere  fit 
for  re  {pi  ration. 

It  is  light  that  imparts  colour  to  the 
fldns  of  men,  by  means  of  the  fluid  im- 
mediately under  them.  This  is  the  caufe 
of  laming y  of  the  copper  colour  of  the 
North  Americans,  and  the  hlack  of  tl^e 
Negroes.  Light  alfo  gives  colour  to 
feveral  other  fubftances,  efpecially  the 
folutions  of  mercury  in  acids. 
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LECTURE     XXXIIL 

.  Cf  Magnetifm. 


.AGNETisM  is  a  property  peculiar  to 
iron,  or  fome  ores  of  it.  The  earth 
itfeir,  ovving  probably  to  the  iron  ores 
contained  in  it,  has  the  fame  property. 
But  though  all  iron  is  a6led  upon  by 
magnetifm,  fieel  only  is  capable  of  having 
t\\t  power  communicated  to  it. 

Every  magnet  has  two  poles,  deno- 
minated north  zndfotith^  each  of  which 
attracts  the  other,  and  lepels  that  of  the 
fame  kind  with  itfelf  If  a  magnet  be 
cut  into  two  parts,  between  the  two 
poles,  it  v.'ill  make  two  magnets,  the 
parts  that  v/ere  contiguous  becoming  op- 
pofite  poles. 

Though  the  poles  of  a  magnet  are 
denominated  north  and  Jmh^  they  do 

not 
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not  conftantly,  and  in  all  parts  of  the 
earth,  point  due  north  or  fouth,  but  in 
moft  places  to  the  eaft  or  weft  of  them> 
and  with  a  confiderable  variation  in  a 
courle  of  time.  Alfo  a  magnet  ex- 
adly  balanced  at  its  centre  will  have  a 
declination  from  an  horizontal  pofition 
of  about  70  degrees.  The  former  is 
called  the  variation^  and  the  latter  the 
dipp7tg  of  the  magnetic  needle. 

A  ftraight  bar  of  iron  which  has 
been  long  fixed  in  a  verdcal  polidon, 
will  become  a  magnet,  the  lower  end 
becoming  a  north  pole,  and  the  upper 
end  a  fouth  one  5  for  if  it  be  fufpended 
horizontally,  the  lower  end  will  point 
towards  the  north,  and  the  upper  end 
towards  the  fouth.  Alfo  any  bar  of 
iron,  not  magnetical,  held  in  a  vertical 
pofition,  will  become  a  temporary  mag- 
net, the  lower  end  becoming  a  north 
pole,  and  the  upper  end  a  fouth  one  j 
and  a  few  ftrokes  of  a  hammer  will  fix 
the  poles  for  a  ihort  time,  though  the 
pofition  of  the  ends  be  changed.  Mag- 
nenfm  may  likewife  be  given  to  a  bar 

-     of 
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of  iron  by  placing  it  firmly  in  the  po- 
fition  of  the  dipping-needle,  and  rub- 
bing it  hard  one  way  with  a  polifhed 
ileel  inftrument.  Iron  will  alfo  become 
magnetical  by  ignition  and  quenching 
it  in  water  in  the  pofition  of  the  dip- 
ping-needle. 

Magnetifm  a(5ls,  without  any  diminu- . 
tion  of  its  force,  through  any  medium  ; 
and  iron  not  magnetical  will  have  that 
power  v/hile  it  is  in  connexion  v/ith  a 
magnet,  or  rather  the  power  of  the 
magnet  is  extended  through  the  iron. 

Steel  filings  gently  thrown  upon  a 
magnet,  adliere  to  it  in  a  curious  man- 
ner ;  and  the  filings,  acquiring  magnet- 
ifm by  the  contact,  adhere  together,  and 
form  a  number  of  fmall  magnets,  which 
arrange  themfelves  according  to  the  at- 
tradion  of  the  poles  of  the  original 
magnet.  This  experiment  is  made  to 
the  moft  advantage  upon  a  piec^  of 
pafleboard,  or  paper,  placed  over  the 
magnet, 

Magnedfm 
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.  Magnetifm  is  communicated  by  the 
fri(ilion,  or  the  near  pofition  of  a  mag- 
net to  a  piece  of  fleel  of  a  fize  lefs  than 
it.  For  this  reafon  a  combination  of 
magnetical  bars  will  have  a  greater  effed 
than  a  fmgle  one ,  and  in  the  following 
manner,  beginning  without  any  magnet- 
ifm at  all,  the  greateft  quantity  may  be 
procured.  Six  bars  of  fteel  may  be 
rendered  (lightly  magnetical  by  fixing 
each  of  them  fuccefiively  to  an  upright 
poker,  and  ftroking  it  feveral  times 
from  the  bottom  to  the  top  with  the 
lower  end  of  an  old  pair  of  tongs.  If 
then  four  of  thefe  bars  be  joined,  the 
magnetifm  of  the  remaining  two  will  be 
much  increafed  by  a  proper  method  of 
rubbing  with  themj  and  by  changing 
^heir  places,  joining  the  Itrongefl,  and 
ading  upon  the  weakefl,  they  may  all 
be  made  as  magnetical  as  they  are  ca* 
pable  of  being. 

The  ftrength  of  a  natural  magnet 
may  be  increafed  by  covering  its  polar 
extremities  v/ith  fleel.  This  is  called 
the  arming  of  the  loadflone. 

To 
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To  aGCount  for  the  variation  of  the 
needle,  Dr.  Halley  fuppofed  the  earth 
to  confift  of  two  parts,  an  external  Jhell 
and  an  internal  nucleus^  detached,  and 
having  a  revolution  diftind  from  it ;  and 
that  the  adlion  of  the  poles  of  the  Ihell 
and  of  the  nucleus  would  explain  all  the 
varieties  in  the  pofition  of  the  needle. 
But  others  think  that  the  caufe  of  the 
magnetifm  of  the  earth  is  not  within^- 
but  without  itfelf.  One  reafon  for  this 
opinion  is,  that  a  magnet  is  liable  to  be 
affedled  by  a  flrong  aurora  boreaiis; 
and  another  is,  that  the  variation  of  the 
needle  proceeds  in  fuch  a  manner  as 
fuppofes  that  the  motion  of  the  nucleus 
muil:  be  quicker  than  that  of  the  ihell  of 
the  earth ;  whereas,  fince  it  is  moil  na- 
tural to  fuppofe  that  motion  was  com- 
municated to  the  nucleus  by  the  Jhell, 
it  would  be  flower. 

Some  idea  of  the  quantity  and  the 
progrefs  of  the  variation  of  the  needle 
may  be  formed  from  the  following  fadls. 
—At  the  Cape  of  Good  Hope,  when 
it  was  difcovered  by  the  Portuguefe,  in 

i486. 
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i486,  there  was  no  variation,  the  nee- 
dle there  pointing  due  north;  in  1622 
it  was  about  2  degrees  weflward,  in 
1675  it  was  8°  W.  in  1700  about  11° 
W.  in  1756  about  18''  W.  and  in  1774 
about  2ii  W.  In  London,  in  1580, 
the  variation  was  11  degrees  15  feconds 
E.  j  in  1622  it  was  6°  E.  in  1634  it  was 
4  dcg.  5  min.  E  in  1657  it  v/as  nothing 
at  all  j  in  1672  it  was  2  deg.  30  min. 
W.  in  1692  it  was  6  deg.  W.  in  1753 
it  was  about  16  W.  and  at  prefent  it  is 
about  2 1  W. 

The  longitude  may  in  fome  places  be 
found  by  the  variation  of  the  needle  j 
and  Mr.  Churchman,  of  America, 
having  given  much  attention  to  the 
fubjedl,  comparing  the  obfervations  of 
others,  and  many  of  his  own,  thinks 
that  he  has  found  a  method  of  determin- 
ing the  longitude  to  a  great  degree  of 
certainty,  in  moft  cafes,  by  this  means. 

He  fays  there  are  two  magnetic  poles 
of  the  earth,  one  to  the  north  and  the 
other  to  the  fouth,  at  different  diflances 

from 
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from  the  poles  of  the  earth,  and  re- 
volving in  different  dmes  -,  and  from  the 
combined  inOuence  of  thefe  two  poles 
he  deduces  rules  for  the  pofition  of  the 
needle  in  all  places  of  the  earth,  and  at 
all  times,  pad,  prefent,  or  to  come. 

The  north  magnetic  pole,  he  fays, 
makes  a  complete  revolution  in  426 
years,  j  days,  9  hours,  and  the  fouth 
pole  in  about  5459  years.  In  the  be- 
ginning of  the  year  1777  the  north 
magnetic  pole  was  in  76  deg.  4  m.in. 
north  iadtudes  and  in  longitude  from 
Greenwich  140  deg.  eafl;  and  the  fouth 
was  in  72  deg.  fouth  latitude,  and  140 
deg.  eait  from  Greenwich. 


LECTURE 
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LECTURE    XXXIV. 


Of  Ele^ricity, 


JlLlectricity  is  a  property  belonging 
to,  or  capable  of  being  communicated 
to,  all  fubftances  whatever  i  and  whereas 
by  fome  of  them  it  is  tranfmitted  with 
great  eafe,  and  by  others  with  much 
difficulty,  they  have  been  divided  into 
two  clafles,  and  denominated  conductors 
or  non-condu5iors  of  ele6lricity.  Alfo 
the  latter  receiving  this  power  by  fric- 
tion, and  other  means,  are  termed  elec-^ 
tries y  and  the  former  non-eieotrics^ 

Metals  of  all  kinds,  and  water,  arc 
conductors,  though  \i\  very  different  de- 
grees ;  {q  alfo  is  charcoal.  All  other 
fubilances,  and  alfo  a  perfed  vacuum, 
are  non-condudors  of  eledlricity.  But 
many  of  thefe   fubilances,   when   they 

are 
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are  made  very  hot,  as  glafs,  refin, 
baked  wood,  and  perhaps  all  the  reft 
on  which  the  experiment  can  be  made 
in  this  ftate,  are  condudlors. 

It  is  the  property  of  all  kinds  of 
eleftrics,  when  they  are  rubbed  by  bo- 
dies different  from  themfelves,  to  attract 
light  fubltances  of  all  kinds,  to  exhibit 
an  appearance  of  light,  attended  with 
a  particular  founds  on  the  approach  of 
any  conductor ;  and  if  the  nollrils  are 
prefented,  they  are  afFeded  with  zfmell 
like  that  of  pholphorus.  This  attradi- 
on  is  mofl:  eafily  explained  by  fuppofing 
that  eledricity  is  produced  by  a  fluid 
exceedingly  elaftic,  or  repulfire  of  iN 
felf,  and  attraded  by  all  other  fub- 
ftances. 

An  eledbric  exhibiting  the  appear- 
ances above  mentioned,  is  faid  to  be 
excited,  and  fome  of  them,  particularly 
the  tourmaline,  are  excited  by  heating 
and  cooling,  as  well  as  by  fridlion.  It 
appears,  however,  that  excitation  con- 
lifts  in  the  mere  transferring  of  eledri- 

Cit}^ 
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city  from  one  fubftance  to  another,  and 
that  the  great  fource  of  eiedricity  is  in 
the  earth.  On  this  account  it  is  necef- 
fary  to  the  confiderabie  excitation  of  any 
eledtric,  that  the  fubilance  againil  v/hich 
it  is  rubbed  (hence  termed  the  rubber) 
have  a  communication  with  the  earth, 
by  means  of  condu6tors :  for  if  the 
rubber  be  tnfulated^  that  is  cut  off  from 
all  communication  with  the  earth  by 
means  of  eledrics,  the  fridion  has  but 
little  efFed. 

When  infulated  bodies  have  been  at- 
tradled  by,  and  brought  into  con- 
tad  with,  an  excited  eledric,  they 
begin  to  be  repelled  by  it,  and 
alfo  to  repel  one  another  j  nor  will  they 
be  attracted  again  till  they  have  been 
brought  into  contact  with  fome  con- 
dudor  communicating  with  the  earth  j 
but  after  this  they  will  be  attraded  as  at 
firft. 

If  condudors  be  infulated,  eledric 
powers  may  be  communicated  to  them 
by  the  approach  of  excited  ekdrics,  or 

the 
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the  contadl  of  other  eledrified  bodies. 
They  will  then  attrad  light  bodies,  and 
give  fparks,  &c.  like  the  excited  elec- 
trics themfelves. 

When  electricity  is  ftrongly  commu- 
nicated to  infulated  animal  bodies,  the 
pulfe  is  quickened,  and  peripiration  in- 
creafedi  and  if  they  receive,  or  part 
with,  their  eledlricity  on  a  fudden,  a 
painful  fenfation  is  felt  at  the  place  of 
communication.  But  what  is  more  ex- 
traordinary, is,  that  the  influence  of 
the  brain  and  nerves  upon  the  mufcles 
feems  to  be  of  an  electric  nature. 

This  is  one  of  the  laft  and  moll  im* 
portant  of  all  philofophical,  difcoveries. 
I  {hall,  therefore,  give  the  refult  of  all 
the  obfervations  that  have  hitherto  been 
made  on  the  fubje6l,  in  ^./eries  of  pro- 
j^ofttionSy  drawn  up  by  an  intelligent 
friend,  who  has  given  much  more  at- 
tention to  it  than  1  have  done. 

I.  The  nerve  of  the  limb  of  an  ani« 
mal  being  laid   bare,    and   furrounded 

wich 
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with  a  piece  of  Oieet  lead,  or  of  tinfoil, 
if  a  communication  be  formed  between  ^ 
the  nerve  thus  armed  and  any  of  the 
neighbouring  mufcles;,  by  means  of  a 
piece  of  zinc,  ftrong  contradions  will 
be  produced  in  the  limb. 

2.  If  a  portion  of  the  nerve  which 
has  been  laid  bare  be  armed  as  above, 
contradions  will  be  produced  as  power- 
fully, by  forming  the  communic*ation 
between  the  armed  and  bare  part  of  the 
nerve,  as  between  the  armed  part  and 
mufcle. 

3.  A  fimilar  effed  is  produced  by 
arming  a  nerve  and  fimply  touching  the 
armed  part  of  the  nerve  v/ith  the  me- 
tallic condudor. 

4.  Contradions  will  take  place  if  a 
mufcle  be  armed,  and  a  communication 
be  formed  by  means  of  the  condudor 
between  it  and  a  neighbouring  nerve. 
The  fame  efFed  will  be  produced  if  the 
communication  be  formed  between  the 

armed 
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armed  mufcle  and  anodier  mufcle^  which 
is  contiguous  to  it. 

5.  Contractions  may  be  produced  in 
the  limb  of  an  animal  by  bringing  the 
pieces  of  metal  into  contadl  with  each 
other  at  fome  diftance  from  the  limb, 
provided  the  latter  make  part  of  a  line 
of  communication  between  the  two  me- 
tallic condudors. 

The  experiment  which  proves  this  is 
made  in  the  following  manner.  The 
amputated  limb  of  an  animal  being 
placed  upon  a  table,  let  the  operator 
hold  with  one  hand  the  principal  nerve, 
previoufly  laid  bare,  and  in  the  other 
let  him  hold  a  piece  of  zinc  -,  let  a  fmall 
plate  of  lead  or  filver  be  then  laid  upon 
the  table,  at  fome  diftance  from  the 
limb,  and  a  comm.unication  be  formed, 
by  means  of  "water,  between  the  limb 
and  the  part  of  the  table  where  the  me- 
tal is  lying.  If  the  operator  touch  the 
piece  of  filver  with  the  zinc,  contrac- 
tions will  be  produced  in  the  limb  the 
moment  that  the  metals  come  into  con- 
tad 
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ta(5l  with  each  other.  The  fame  effe(5t 
will  be  produced  if  the  two  pieces  of 
metal  be  previoufly  placed  in  contad, 
and  the  operator  touch  one  of  them 
with  his  finger.  This  fadl  was  difco- 
vered  by  Mr.  William  Cruikfhank. 

6.  Contradions  can  be  produced  in 
the  amputated  leg  of  a  frog,  by  putting 
it  into  water,  and  bringing  the  two 
metals  into  contad  with  each  other  at  a 
fmall  diftance  from  the  limb. 

7.  The  influence  which  has  pafTed 
through,  and  excited  contradtions  in, 
one  limb,  may  be  made  to  pafs  through, 
and  excite xontrafflions  in,  another  limb. 
In  performing  this  experiment  it  is  ne- 
ceiTary  to  attend  to  the  following  cir- 
cumftances :  let  two  amputated  limbs  of 
a  frog  be  taken  -,  let  one  of  them  be 
laid  upon  a  table,  and  its  foot  be  folded 
in  a  piece  of  fiiver;  let  a  perfon  lift  up 
the  nerve  of  this  limb  with  a  fiiver 
probe,  and  another  perfon  hold  in  his 
hand  a  piece  of  zinc,  wdth  which  he  is 
to  touch  the  filver  including  the  foot ; 

K  let 
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let  the  perfon  holding  the  zinc  in  one 
hand  catch  with  the  other  the  nerve  of 
the  fecond  limb,  and  he  who  touches 
the  nerve  of  the  firft  limb  is  to  hold  in 
his  other  hand  the  foot  of  the  fecond ; 
let  the  zinc  now  be  applied  to  the  filver 
including  the  foot  of  the  firft  limb,  and 
contra(5lions  will  immediately  be  excited 
in  both  limbs. 

8.  The  heart  is  the  only  involuntary 
inufcle  in  which  contradions  can  be  ex- 
cited by  thefe  experiments. 

9.  Contradlions  are  produced  more 
ilrongiy,  the  farther  the  coating  is 
placed  from  the  origin  of  the  nerve. 

10.  Animals  which  were  almoft  dead 
have  been  found  to  be  confiderably  re- 
vived by  exciting  this  influence. 

11.  When  thefe  experiments  are  re- 
peated upon  an  animal  that  has  been  kil- 
led by  opium,  or  by  the  eledric  iliock, 
very  flight  contradions  are  produced; 
and  no  contractions  whatever  will  take 

place 
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place  in  an  animal  that  has  been  killed 
by  corrofive  fublimate,  or  that  has  been 
ftarved  to  death.  '^ 

12.  Zinc  appears  to  be  the  bell  ex- 
citer when  applied  to  gold,  filver,  mo- 
lybdena,  Heel,  or  copper.  The  latter 
metals,  however,  excite  but  feeble  con- 
tradions  when  applied  to  each  other. 
Next  to  zinc,  in  contad  with  thefe  me« 
tak,  tin  and  kad,  and  filver  and  lead, 
appear  to  be  the  moll:  powerful  exciters. 

At  ieail  two  kinds  of  fifnes,  the  tor- 
pedo and  the  electrical  eei^  have  a  vo- 
luntary power  of  giving  fo  ftro^ng  a 
fhock  to  the  water  in  which  they  fwim, 
as  to  aifed  fifnes  and  other  animals  which 
come  near  them  5  and  by  a  conducting 
communication  between  different  parrs 
of  thefe  fifhes,  an  eleclric  fliock  may  be 
given  exactly  like  that  of  the  Leyden 
phial,  which  will  be  dcfcribed  hereafter ; 
and  if  the  communication  be  interrupted, 
a  fiafh  of  electric  light  v^'ill  be  perceived. 

The  growth  of  vegetables  is  alfo 
quickened  by  eleftricity. 

K  2  LECTURE 
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LECTURE    XXXV. 


The  fame  Suhje^f  continued, 

i.^  o  eledric  can  be  excited  without 
pi-oducing  eledlric  appearances  in  the 
body  with  which  it  is  excited,  provided 
that  body  be  infulated  -,  for  this  infu la- 
ted  rubber  will  attra6l  light  bodies,  give 
iparks,  and  make  a  fnapping  noife,  up- 
on the  approach  of  a  condudor,  as  well 
as  the  excited  eiedtric. 

If  an  infulated  condudlor  be  pointed, 
or  if  a  pointed  conductor,  communi- 
cating with  the  earth,  be  held  pretty  near 
it,  little  or  no  eledlric  appearance  will 
be  exhibited,  only  a  light  will  appear  at 
each  of  the  points  during  the  adt  of  ex- 
citation, and  a  current  of  air  will  be 
lenfible  from  off  them  both. 

The 
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The  effed  of  pointed  bodies  is  bed 
explained  on  the  fuppofition  of  the 
eledric  matter  in  one  body  repelling  that 
in  another ;  and  confequendy  the  elec- 
tricity belonging  to  a  body  with  a  large 
furface  making  a  greater  refiftance  to 
the  entrance  of  foreign  eledlricity  than 
that  belonging  to  a  fmailer. 

Thefe  two  ele(5lricities,  viz.  that  of 
tKc  excited  clecflric,  and  that  of  the 
rubber,  though  fimilar  to,  are  the  reverfe 
of,  one  another.  A  body  attraded  by 
the  one  will  be  repelled  by  the  other, 
and  they  will  attraft,  and  in  all  refpeds 
ad  upon,  one  another  more  fenfiblythan 
upon  other  bodies  ;  fo  that  two  pieces  of 
glafs  or  filk  pofTefled  of  contrary  eledri- 
cities  will  cohere  firmly  together,  and 
require  a  confiderable  force  to  feparate 
them. 

Thefe  two  elecflricities  having  been  ^ 
firft  difcovered  by  producing  one  of 
them  from  glafs,  and  the  other  from  am- 
ber, fealing-wax,  fulphur,  rofin,  &c. 
firil  obtained  the  names  of  vitreous  and 
K  3  refinous 
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refinous  ele(5lriclty ;  and  it  being  after- 
wards imagined  that  one  of  them  was  a 
redundancy,  and  the  other  a  deficiency, 
of  a  fuppofed  eledric  fluid,  the  former 
has  obtained  the  name  of  pcfitivey  and 
tht  latter  that  o(  negative,  eledtricityj 
and  thefe  terms  are  now  principally  in 
life. 

Pofitive  and  negative  ele^ricity  may 
be  difHnguifhed  from  each  other  by  the 
manner  in  which  they  appear  at  the 
points  of  bodies.  From  a  pointed  body 
ekarilied  pcfitively,  there  iiliies  aftream 
of  light,  divided  into  denfer  ftreams,  at 
the  extremities  i  whereas,  when  the 
point  is  ele6»:rified  negatively, /the  light 
is  more  minutely  divided,  and  diffliied 
equally.  The  formtr  of  thefe  is  called 
a  brujb,.   and  the  latter  ajlar. 

If  a  conductor  not  infulated  be  brought 
within  the  atmofphere  (tJiat  is  the  Iphere 
of  adion)  of  any  eledlrified  body,  it 
acquires  the  eledricity  oppofite  to  that 
of  the  eledrified  body,  and  the  nearer 
it  is  brought,  the  ftronger  oppofite  elec- 
tricity 
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tricky  does  it  acquire,  till  the  one  recciv^e 
a  Ipark  from  the  other,  and  then  the 
eledricity  of  both  will  be  difcharged. 

The  cle6lric  fubftance  which  fepar- 
ates  the  two  condudors  pofTeffing  thele 
tv/o  oppofite  kinds  of  eledricicy,  is  fai d 
to  be  charged.  Plates  of  glafs  are  the 
moft  convenient  for  this  piirpofe,  and 
the  thinner  the  plate  the  greater  is  the 
charge  it  is  capable  of  holding  The 
condudlors  contiguous  to  each  fide  of  the 
glafs  arc  called  their  coating. 

Agreeably  to  the  above-mentioned 
general  principle,  it  is  neceflary  ^that 
one  fide  of  the  charged  glafs  have  a  com- 
munication with  the  rubber,  while  the 
other  receives  the  eledlricity  from  the 
condudlor,  or  with  the  conductor,  while 
the  other  receives  from  the  rubber. 

It  follows  alio,  that  the  two  fides  of 
the  plate  thus  charged  are  always  poflefT- 
ed  of  the  two  oppofite  elec5lricities  j  that 
fide  which  communicates  with  the  ex- 
cited eledric  having  the  elcdlricity  of  the 
K  4  eledlric. 
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ele(5lnc,  and  that  which  communicates 
with  the  rubber,  that  of  the  rubber. 

There  is,  confequently,  a  very  eager 
attraction  between  thefe  two  eledrici- 
ties  with  which  the  different  fides  of  the 
plate  are  charged,  and  when  a  proper 
communication  is  made  by  means  of 
condudlors,  a  flafh  of  eledric  light,  at- 
tended with  a  report  (which  is  greater 
or  lefs  in  propordon  to  the  quantity  of 
eledricity  communicated  to  them,  and 
the  goodnefs  of  the  condu(5lors)  is  per- 
ceived between  them,  and  the  eledlricity 
of  both  fides  is  thereby  difcharged. 

The  fubftance  of  the  glafs  itfelf  in, 
or  upon,  which  thefe  eledricides  exift, 
is  impervious  to  eledricity,  and  does  not 
permit  them  to  unite  -,  but  if  they  be 
very  ilrong,  and  the  plate  of  glafs  very 
thin,  they  will  force  a  pafTage  through 
the  glafs.  This,  hov/ever,  always  breaks 
the  glafs,  and  renders  it  incapable  of 
another  charge. 

The 
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The  flafh  of  light,  together  with  the 
cxplolion  ^between  the  two  oppofite  jfides 
of  a  charged  eledlric,  is  generally  called 
the  electric  fhock,  on  account  of  the  dif- 
agreeable  fenfation  it  gives  any  animal 
whofe  body  is  made  ufe  of  to  form  the 
communication  between  them. 

The  elecflric  fhock  is  always  found  to 
perform  the  circuit  from  one  fide  of  the 
charged  glafs  to  the  other  by  the  fhorteft 
pafTage  through  the  beft  conductors. 
Common  communicated  eledlricity  alfo 
obferves  the  fame  rule  in  its  tranfmiflion 
from  one  body  to  another. 

It  has  not  been  found,  that  the  elec- 
tric fhock  takes  up  any  fenfible  Ipace  of 
time  in  being  tranfmitted  to  the  greateft 
diftances. 

The  ele(5lric  fhock,  as  alfo  the  com- 
mon eledtric  fpark,  difplaces  the  air 
through  which  it  pafles  ;  and  if  its  pafTage 
from  conductor  to  condudor  be  inter- 
rupted by  non-conduc5lors  of  a  moder- 
ate thicknefs,  it  will  rend  and  tear  them 

in 
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in  its  pafTage,  in  fuch  a  manner  as  to  ex- 
hibit the  appearance  of  a  fudden  expan- 
fion  of  the  air  about  the  center  of  the 
Ihock. 

If  the  elev5i:ric  circuit  be  interrupted, 
the  eJediric  matter,  during  the  difcharge, 
will  pafs  to  any  other  body  that  lies  near 
its  path,  and  infbantly  return.  This  may 
be  called  the  lateral  explojion.  The  ef- 
fcifl  of  this  lateral  explofion  through  a 
brafs  chain,  when  the  quantity  of  elec- 
tricity is  very  great,  will  be  the  difco- 
louring  and  partial  burning  of  the  paper 
on  which  it  lies. 

If  a  great  quantity  of  eledricity  be 
accumulated,  as  in  a  batteryy  the  explo- 
fion will  pafs  over  the  furfaces  of  imper- 
fed:  conduflors  without  entering  them, 
and  the  efte6l  will  be  a  ftrong  concujjion 
of  the  fubftance.  Alfo  the  eledric  mat- 
ter thus  accumulated  and  condenfed  will, 
by  its  repulfion,  form  concentric  circle Sy 
which  will  appear  by  melting  the  furface 
of  a  flat  piece  of  metal  on  which  the 
explofion  is  received. 

If 
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If  an  eledric  fhock,  or  llrong  fpark, 
be  made  to  pafs  through,  or  over,  the 
belly  of  a  mufcle,  it  forces  it  to  contradb, 
as  in  a  convulfion. 

If  a  flrong  fhock  be  fent  through  a 
fmall  animal  body,  it  will  often  deprive 
it  inftantly  of  life. 

When  the  ele^lric  fhock  is  very 
ftrong,  it  will  give  polarity  to  magnetic 
needles,  and  fbmetimes  it  reverfes  their 
poles. 

Great  (hocks,  by  which  animals  arc 
killed,  are  faid  to  haften  putrefadlion. 

Ele6lricity  and  lightning  are  in  all  re- 
fpe6ls  the  fame  thing  ;  fince  every  efrecl 
of  lightning  may  be  imitated  by  elec- 
tricity, and  every  experiment  in  elec- 
tricity may  be  made  with  lightnings 
brought  down  from  the  clouds  by  means 
of  infulated  pointed  rods  of  metal. 


LECTURE 
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LECTURE  XXXVL 


The  fame  Suhjecl  continued. 

JL  fjREE  curious  and  important  inflru- 
ments  v/hich  are  among  the  lateft  rm- 
provemenrs  in  electricity,  deferve  a  par^ 
ticular  explanation,  and  in  all  of  them 
theeffecl  depends  upon  the  general  prin^ 
ciples  mentioned  above,  viz.  that  bodies 
placed  within  the  influence,  or,  as  it  is 
ufually  termed,  within  the  atmofphere, 
of  an  electrified  body,  are  affeCted  by 
a  contrary  eledricity,  and  that  thefe  two 
eledlricities  mutually  attradt  each  other. 
Thefe  initruments  are  the  ele5lrophorus^ 
the  condenfer  of  ekdlricity,  and  the 
doiihkr  of  it. 

The  electrophorus  coniifts  of  an  in- 
fulated  conducting  plate  applied  to  an 
infulated  eieCtric.  If  the  latter  have  any 
eledtricity  communicated  to  it,  for  ex- 

"ample, 
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ample,  the  negative,  the  pofitive  elec- 
tricity of  the  former  will  be  attraded  by 
itj  and  conlequently  the  plate  will  be 
capable  of  receiving  eledricity  from  any 
body  communicating  with  the  earth  i 
being,  in  this  fituation,  capable  of  con- 
taining more  eledtricity  than  its  natural 
quantity.  Confequently,  when  it  is  re- 
in oved  from  the  lower  plate,  and  the 
whole  of  its  eledlricity  equally  diffufed 
through  it,  it  will  appear  to  have  a  re- 
dundance, and  therefore  will  give  a  fpark 
to  any  body  communicating  with  the 
earth.  Being  then  replaced  upon  the 
eledric,  and  touched  by  any  body  com- 
municating with  the  earth,  it  will  be  again 
affeded  as  before,  and  give  a  fpark  on 
being  raifed  -,  and  this  procefs  may  be 
continued  at  pieafure,  the  eledrophorus 
fuppiying  the  place  of  any  other  eledri- 
cai  machine. 

If  the  conducting  plate  of  the  elec- 
trophorus  be  applied  to  a  piece  of  dry 
wood,  marble,  or  any  other  fubftance 
through  which  eledlricity  can  pafs  but 
very  flowly,.  or  if  the  infulated  condudt- 

ing 
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ing  plate  be  covered  with  a  piece  of  thin 
filk,  which  will  make  fome  refiftance  to 
the  pafTage  of  eledricity,  and  it  be  then 
applied  to  another  plate  communicating 
with  the  earth  ;  and  if,  in  either  of  thefe 
cafes,  a  body  with  a  large  furface  pof- 
feffed  of  a  weak  eledricity  be  applied  to 
the  conducing  plate,  the  weak  cle6lricity 
not  being  able  to  overcome  the  obftruc- 
tion  prefented  to  it,  fo  as  to  be  commu- 
nicated to  the  other  plate,  will  affe6t  it 
with  the  contrary  electricity,  and  this 
reading  on  the  firfl  plate,  will  condenfe 
its  eledricity  on  that  part  of  the  plate 
to  which  it  is  contiguous  -,  in  confequence 
of  which  its  capacity  of  receiving  elec- 
tricity will  be  increafed ;  fo  that  on  the 
feparation  of  the  two  plates,  that  elec- 
tricity which  was  before  condenfed,  be- 
ing equally  diffufed  through  the  whole 
plate,  will  have  a  greater  intenlity  than 
it  had  before,  attrading  light  bodies,  or 
even  giving  a  fpark,when  the  body  from 
which  it  received  its  elediricity  was  in- 
capable of  it.  For  though  it  contained 
a  great  quantity  of  eledricity,  it  was 
diffufed  through  fo  large  a  fpace  that  its 

intenfity 
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intenfity  was  very  fmall.  This  inftru- 
ment  is  therefore  called  a  condenfer  of 
deciricity.  ' 

If  an  infulated  plate  of  metal  poflelT- 
ing  the  fmalleft  degree  of  eledricity  be 
prefented  very  near  to  another  plate  com- 
municating with  the  earthy     it  will   af- 
feib  this  plate  with  the  oppofite  eledri- 
cityi    and  this  being,  in  the  fame  man- 
ner, applied  to  a  third  plate,  will  put  it 
into  the  fame  ftate  with  the  firft.    If  then 
thefe  two  plates  be  joined,  and  the  firft 
plate   be  prefented  to    either  of  them, 
its  own  eledricity  being  attracted  by  that 
of  the  plate  prefented,  that  of  the  other 
will  be   drawn  into  it,  fo  that  its  quan- 
tity will  be  doubled.     The  fame  procefs 
being  repeated,  will   again  double  the 
eledricity  of  this  plate,  till,  from  being 
quite  infenfible  to  the  moil  exquifite  elec- 
trometer,, it  will  become  very  confpi- 
cuous,  or  even  give  fparks.    This  in- 
flrument:  is  therefore  called  a  douhler  of 
eleBricity^  of  excellent  ufe  in  afcertain- 
ing  the  quality  of  atmolpherical  electri- 
city when  ever  fo  fmall.     If  thi§  inftru- 

ment 
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ment  be  fo  conflrufted  that  thefe  three 
plates  can  be  fucceffively  prefented  to 
one  another  by  the  revolution  of  one  of 
them  on  an  axis,  it  is  called  the  revolv- 
ing douhler  -,  and  in  this  form  it  is  moft 
convenient  for  ufe. 


THE    END. 
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